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PREFACE 


The Second Eastern Regional Rercte Sensing Applications Conference brought 
together the user coanunity in Earth Resources satellite technology within 
the ERRSAC region. Through technical sessions, forums, and fellowship, 
participants from state and local government organizations shared experiences 
in remote sensing applications with one another and with users in the Federal 
government, universities, and the private sector. The conference brought 
participants up to date on new remote sensing technology, explored ways to 
improve state and regional programs, and providctd opportunities to learn 
about services available from the Federal and private sectors. 

ERRSAC is responsible for transferring satellite remote sensing technology 
to public use, primarily to state and local governments in ninete«i north- 
eastern and north central states. Interacting through orientation, training, 
cooperative projects, and technical assistance, ERRSAC provides opportunities 
for potential users to discover how to apply Landsat data to meet their 
resource information needs. 
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THE HEAT CAPACIIY MAPPING MISSION 


Nicholas M. Short 
Geophysics Branch 
NASA/Goddard Space Flight Center 
Greenbelt, MD 20771 


On April 26, 1978, NASA launched the Heat Capacity Mapping (Radiometer) 
Mission (HCM(R)M) satellite as the first in a low-cost series of Applications 
Explorer Missions (AEM) . This satellite moves in a near-polar sun synchronous 
retrograde orbit at an altitude of ca. 620 kilometers that leads to mid-latitude 
crossing times clustered around 1:30 p.m. and 2:30 a.m. Opposing day-night orbi- 
tal tracks permit coverage of the same ground areas in a 12-hour Interval at 
latitudes from 0-20° and 35-78° and a 36-hour interval from 20-35°. An orbital 
track is repeated on a 16-day cycle but adjacent coverage occurs every 5 days. 

A 2-channel radiometer collects both reflectance and thermal, data over a 
ground swath of 715 kilometers. One channel measures visible-ref lected IR 
(0. 5-1.1 pm) radiation; the second operates in the 10.5-12.5 ym range to sense 
thermal IR radiation during both day and night passes. The thermal channel has a 
NEAT (a measure of thermal sensitivity based on signal-to-noise ratio) of 0.3 K 
at 280°K at a spatial resolution of 600 m. at nadir. 

Reflectance data are used to calculate apparent albedo ^ which affords some 
indication of solar energy available for surface heating to a depth of a meter or 
more. The thermal band data relate to day and night radiant (equivalent black- 
body) temperatures from which a diurnal AT value can be determined. These 
parameters are inputs to the function: Apparent Thermal Inertia (ATI) « NC 

(1 - a) /AT, where N is a variable scaling factor and C is a constant related to 
the solar flux. ATI is, in turn, related to the quantity P, thermal Inertia, 
defined as P = c, where K * thermal conductivity, ^ ~ density, and c *= 
specific heat. Each of those variables is a property of materials. Both 
inorganic and organic materials have characteristic values of K, y , and c, and 
hence P itself can be diagnostic of given substances (rocks, soil, soil moisture, 
vegetation) at the Earth's surface. 

HCMM therefore is designed tj evaluate the utility of thermal inertia 
(related to heat capacity) and other thermal and reflectance data for (1) dis- 
criminating bedrock and unconsolidated regolith types, (2) mapping soil moisture, 
(3) measuring plant canopy temperatures, (4) examining thermal circulation in 
large water bodies, and (5) monitoring urban heat island effectr. Determination 
of absolute values for either radiant or kinetic temperatures is usually diffi- 
cult because of such interfering or indeterminate factors as (1) materials 
emissivities, (2) latent and sensible heat changes, (3) thermal contributions 
from the atmosphere, (4) surface wind and other meteorological Influences, and 
(5) effects of topography. Nevertheless, relative differences in albedo or 
temperature, as evidenced by gray levei (tonal) variations in imagery represen- 
ting the sensed surface, can often be correlated with specific materials. For 
Instance: 
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DAY IR 

NIGHT IR 

T 
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"Pure Water" 

D 
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VL 

D 
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Damp Soil 
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MD 
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Mt-D 

Basalt 

D 

L 

M-L 

MD 

L-VL 

Granite 

M-L 


L-M 
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Desert Sand 

L-VL 

L-D 

MD-L 

M-L 

M-MD 


Level : D ■ Dark; MD * Medium Dark; M * Medium; L - Light; VL « Very Light 

(these qualitative tonal values are relative such that dissimilar levels can 
correspond to similar temperatures, i.e., the levels of D and VL for water 
expresses the condition (small absolute T) that shows up as relatively cooler 
and wanner Day and Night IR water signatures with respect to land temperatures.) 

Of particular significance, dominantly dark or light tonal patterns In the 
Day VIS Imagery, usually representing similar surface materials, often show con-* 
siderable gray level variation in day and/or night IR images, generally indica- 
tive of changes in density, water content, or composition. These and other pat- 
terns may persist when multitemporal scenes are examined, but commonly the pat- 
terns vary considerably. This suggests either a variable response to heat input 
and cooling at different seasons, or frequently their associlation with ephemeral 
factors such as local or changing meteorological conditions including irregular 
air masses or isolated rainfall effects. 

A characteristic set of HCMM images is shown in Figi’re 1. The first three 
(A-C) have been computer-enhanced, specifically through contrast-stretching and 
bandpass filtering. Figures lA and 13 show the states of New York and Pennsyl- 
vania as imaged by the Day VIS and Day IR channels on August 19, 1980. Notable 
in the Day VIS scene are the lenticular dark areas right and below center that 
correspond to anthracite coal wastes spread along valley floors; th*^ !ark tones 
in and around Philadelphia and New York City (lower right), Pittsbur^ii (left 
edge), and Rochester (center top); and the lighter tones in the Catskills (center 
right) and Atlantic Coast Plains (lower right). In the Day IR scene, the 
anthracite valleys stand out as light toned (warm) owing to increased tempera- 
tures (from the blackbody effect) and the cities also are bright toned (heat 
island effect). Areas of dense forests tend to be dark toned (quite cool, in 
part from the evapotranspiration effect); the lobate pattern near upper center 
further reveals the influence of wooded areas concentrated on synclinal zoountains 
while the rig-zag dark band effect below it is controlled by forests along folded 
mountain ridges. Note also the thexrmal patterns in the Great Lakes, especially 
the band of warmer water (lighter toned) along the south shore of Lake Ontario, 
as localized by a thermal barrier (darker tones) of cooler and deeper water. 
Clouds (upper left) appear as very dark tones. 
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In Figure 1C, the scene Is a Night IR Image taken that same summer (exact 
date of overpass not available) over much the same region as the previous two 
Images. Most of the Allegheny Plateau, the Catskills, and glaciated terrain to 
the north are rendered In dark tones. The areas to the south, Including the 
Valley and Ridge and Coastal Plains physiographic provinces, are warmer as Indi- 
cated by the medium gray tones. The forested ridges are delineated by even 
lighter tones (warmer; leaf Insulation effect?). Neither the coal waste surfaces 
nor the cities stand out as warm In this night scene. The most striking dif- 
ference In the Night IR Image Is the very light (relatively, warmest) tones that 
mark both lake and river waters. Once more, the cool clouds show up in dark 
tones . 

Figure ID Is an early experimental version of an ATI Image made from May and 
June 1978 Images. Dark tones represent low and light tones higher ATI values 
respectively. This image, the only one made as yet for this region, is difficult 
to interpret because of errors in the expression of ATI. Water should appear as 
light tones, for example, as it does along the Susquehanna River, but doesn’t in 
the Atlantic Ocean and large lakes. 

A second set of examples Is presented In Figures 2A-D. The sequence A (Day 
VIS), B (Day IR), and C (Night IR) shows the arid lands of eastern Algeria as 
imaged In the fall of 1978. The desert dune fields of the Grand Erg Oriental 
(upper center) are conspicuous. Outcrops (lower part of Image), consisting of 
low reflectance (metamorphlc and/or basalt) Cretaceous rocks, are particularly 
warm at night. The image In Figure 2D contains much of California and adjacent 
Nevada as seen in a Night IR rendition obtained on July 17, 1978. The Great 
Valley is conspicuously warmer (because of brown grasses (straw Insulation 
effect)?). The Sierra Nevada Mountains are cool (exposed rock and conifers). 

The block fault mountain ranges of Nevada tend to be fringed by light tones 
(reason uncertain) . The famous San Andreas fault zone shows up as a dark (coder 
because of moisture?) line in the lower center. Thermal eddies are evident In 
the ocean. 

The HCMM Investigators program is drawing to a close and final reports are 
now beginning to define the utility cf day/nlght thermal data. Already It has 
been demonstrated that, under favorable circumstances, some major rock types can 
be identified, soil moisture in extensive agricultural and alluvial terrains can 
be detected and zt least semi-quant Itatively assessed, and circulation of cur- 
rents in large water bodies followed by noting their thermal patterns. 
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THAHSFERA6ILITY AND DATJl ACCESS ISSUES 


A. Victor Ferreros 
The Council of State Govemnents 


INTRODUCTION 


I would like tc briefly discuss the evolution of the DID6 systea, the 
DID6 project in South Carolina, and soae of the progress and issues that have 
eaerged froa this NASA-sponsored project. The issues eaanatics fitai the DIDS 
project relate to concerns that I believe are shared by the panel aeabers. 

DIDS is an acronya that originally stood fox Doaestic Infoxaation Display 
Systea. Since then, it has been re-naaed the Decision Infozaation Display 
Systea. Its current official federal title is the Inter-agency Decision 
Inforaation Display Systea. Now MDS is in its second generation. Soon its 
caretakars will be talking of DI1>. in ceras of third and fourth generation 
DIDS systeas. 

The DIDS- (Decision Inforaation Display Systea) — is a ainicoaputer-based 
systea designed to display federal statistical data for a variety of geo- 
graphic areas in the fcra of choropleth aaps. These statistical naps are then 
displayed using an interactive full-color high resolution display teminal. 

DIDS was a spin-off of satellite technology developed by NASA at the 
request of the White House. Initially, it was a sinple concept. What was 
perceived as needed at the tiae was a ,eysten that displayed statistical 
infomation on a geographic basis for national policyaakers. Consequently, 
the iapact of issues could then be studied in terns of the geographic dis- 
tribution of statistical infomation across different political jurisdictions. 

DIDS IS now in an operational mode. Consider the differences between the 
first aiwl second generations of DIDS. DIDS originally was developed from the 
Atmospheric and Oceanic Information Processing System (AOIPS), an image 
processing system developed at NASA's Goddard Space Flight Center. 

DIDS originally shared time with other applications nn a DEC PDP 11/70 
computer. Map displays were generated on a Hazeltine image analysis teminal 
(lAC-2) tailor-made to NASA specifications and hardwired to the 11/70. System 
geography, statistics, operating system and software were stored on three 
different disk drives. The DIDS prototype system originally used a data base 
containing infomation from the County and City Databook of the United States, 
geocoded to individual counties. 

When demonstrations at the White House and Capitol Hill were conducted, 
specially balanced video lines had to be employed to transmit the high 
resolution video picture image from the Hazeltine teminal at Goddard to a 
downtown slave monitor. Telecommunication costs per demonstration were 
prohibitive at about $40,000. Because of this, most demonstrations were held 
on-site at Goddard. 
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The initial desonstrations of BIDS in 1978 led to a one^year period of 
testing and demonstration by a group of 15 federal agencies. In 1979» smaller 
and cheaper lines were used to convey video imagery of reasonable quality from 
the teminal at Goddard to a slave terminal in the downtown Commerce building. 


BIDS TODAY 


The second generation BIBS system mw has its full time hardware base — a 
DEC VAX 11/780 computer, associated peripherals, a Conrac color monitor, a 
DeAnza 5512 color image display terminal, an 8 by 10 and 35-mm still camera, 
and a xerox color copier. BIDS also new has two remote terminal systems: one 

in the basement of the Old Executive Office Building in Washington, D.C., and 
one recently installed in Columbia, South Carolina. The $80,000 remote 
terminal system consists of a DEC LSI 11/23 minicomputer, 3 disk drives, a VT 
100 alphanumeric operating terminal, a DeAnza color 5512 display terminal, and 
a communications interface. 

The second generation BIDS system also provides single-point access to 
over 5»000 socio-economic and environmental data elements from 22 different 
agency data bases. In the current system, SMSA, county, congressional 
district and state statistics primarily from federal agencies are inter- 
actively displayed against digitized census geographical boundaries. DIBS 
today also has a polygon-based world map capability and even has a limited 
world data set. Outputs from BIDS are represented via CRT display, 35-mm 
slides, color print, xerox and polaroid photo displays. Currently, 27 federal 
and non-federal agencies participate and provide funding support to the BIDS 
program. 


HOW BIDS WORKS 


BIDS is designed as a user-friendly system. By means of hierarchical 
menu selection, the user first selects his geography of interest (i.e., U.S. 
by county, US CB, state by county, metro area by census tract, world map). 

The user then selects the data to be color-classified and displayed for 
the geographic area. This process is done through menus. The user map 
selects one or two variable map displays. Further data manipulation can be 
done by changing data classification intervals, changing colors (DIBS has 
4096), highlighting intervals, calculating indices, zooming or magnifying 
subregions of a map to increase resolution, time lapse display of chrono- 
logical data series and histogram and scatterplot representations. One of its 
most useful capabilities is that of using a cursor to interactively identify 
an individual county, and display its data value. BIBS is among many things a 
system that should revolutionise choropleth map production. It could generate 
entire statistical atlases in hours rather than months. 

Some of the limitations of DIBS technology have been discussed elsewhere 
and I shall not dwell on this here. Technological enhancements that address 
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these liaitatiODB are on the drawing hoard of the DIDS prograa office and are 
scheduled for ispleaentation in the next few years. 


•MB SOUTH CAROLIHA PROJECT 


The Council of State Govemaents is presently coordinating a OIDS 
desonstration project in S'* 'th Carolina sponsored by HASA. The Council has 
had a history of involveaent in natural resource information system projects 
and has worked with CSPA and NCSL in these areas for soae tiae. 

The project represents an attempt to transfer DIDS to a state govemaent 
environment. The general goal of the project is to evaluate DIDS in terms of 
its use in a state government setting, to identify ways by which state 
govemaents could benefit from DIDS technology and to develop recMaendations 
for system modifications to more effectively address state needs. 

After some delay in equipment delivery, the remote terminal syst^ was 
installed in South Carolina in late December, making it the only other DIDS 
remote system in the county. It is currently housed in the Social and 
Behavioral Sciences Lab in '^e University and scheduled to be moved to the 
Senate chambers of the South Carolina legislature in late March. 

Working with Dave Cowen of the University and Andy Laurent, Fred Vang and 
other officials in the Division of Research and Statistics, we have identified 
programmatic areas of state government that could potentially benefit from 
DIDS utilization. Personnel in these agencies are already preparing county 
level data in machine readable form for entry into DIDS. The system, with 
NASA's help, is now fully operational and the communications line to the host 
is now up and running. A South Carolina data base consisting of over QOO 
variables from the South Carolina abstract is currently being edited and 
entered on the host. The South Carolina staff has already been trained for 
system use and a nimber of successful demonstrations with state officials have 
already been held. 

The South Carolina evaluation process will include a number of surveys 
and experimental mechanisms. The user survey will cover actual use, ease of 
use, utility and specific application issues, and will solicit recommendations 
for system modification. A series of quasi- experiments will evaluate other 
alternatives to DIDS — such as a university mainframe solution using standard 
statistical packages linked to computer mapping software. South Carolina 
would also like to use DIDS to build a file for Columbia, South Carolina 
census tracts, and to digitize a more detailed South Carolina county file than 
that resident on DIDS. 


TRANSFERABILITY 


An important focus of the evaluation will center on system transfer- 
ability. In South Carolina, the DIDS remote systems has the same basic user 
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capabilities as the host computer* The processing of some BIDS functions such 
as zooming takes longer at the remote site. The major difference is in the 
amount of disk storage for immediate access. The host has sufficient disk 
storage so that all BIDS geographic base files and statistical data are 
available upon user request. The remote has an on-line capacity for only 
about 300 variables. Similarly, the remote is restricted in the number of 
geographic base files that can be put on-line for immediate display. 

The LSI/11 /23 remote system exemplifies a prototype self-contained 
hardware configuration that already exists in some states. A number of states 
have acquired hardware with capabilities similar to this system (i.e., 
Minnesota, New Jersey, Oklahoma, etc.). These are stand-alone data access, 
retrieval and display systems used in conjunction with CIS and LANBSAT 
processing applications. 

There are some constraints in terms of comparability. BIDS via the 
BeAnza 5512 hardware has a raster scanning display capability. Furtheraore, 
the raster-encoded polygon data structure of the system enables map images to 
be created in four to six seconds. The BIBS system also uses DEC equipment. 
The BIDS program office people roughly estimate that even with a DEC system, 
four man-years of software conversion would be required to replicate the 
system elsewhere. Despite these considerations, the point is that parallel 
technology has also been developed at the state level, and technology does not 
appear to be an insurmountable barrier in system transferability. Some states 
could even lay claim to having more cost-effective BIDS- type systems carrying 
hardware price tages of less th^n $10-15 thousand. 

Assuming that BIDS- type capabilities already exist on the state level, 
interest would seem to naturally converge on access to BIDS data bases. This 
issue is bound to loom clearly as the most important issue of concern to state 
and local government interest in BIDS. 


DATA ACCESS 


In its role as coordinator of the South Carolina project. The Council has 
sat as a member of the DIBS Steering Committee in Washington for the past year 
and has been in a position to observe some of the more current developments in 
the evolution of DIBS over the past year. The Steering Committee is chaired 
by the Director of the Office of Federal Statistical Policy and Standards 
(that houses the BIDS program). The 22 agencies that fund BIDS and other 
participants sit on the committee. These federal officials have articulated a 
role for BIDS as a vehicle for implementing improvements in federal data 
systems with policies that govern these systems. The benefits are obvious. 
DIBS forces a common format on federal data bases. It integrates a number of 
diverse federal data sources into a common standardized single file structure. 
It has integrated both socio-econcwnic and environmental data into a common 
base. It may eventually, as its caretakers would like, affect redesign of 
major federal data programs, and provide a focal point for assessing user 
needs of all federal data. 
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The management plan for DIDS in FY 81 and a draft FY 81 -82 policy issues 
statement: 

• Does not properly recognize state and local government as governmental 
organizations. 

e Restricts direct program participation in DIDS to the federal 
community. 

• Recommends that DIDS be operated by a private-for-profit firm that 
would be the only means by which non-federal users could access DIDS 
products and services. 

Such issues, I suspect, are not specific to the nature of the DIDS beast, but 
most likely mirror the direction of future federal policy towards data access 
and distribution. It is unfortunate, for these policies ignore: 

e State needs for access to federal data, much of which they provide 
themselves; 

s That a data pricing policy should properly distinguish between state 
and local government users, and private firms; 

• That states, by virtue of their experience with similar systems, their 
resources and technological skills could potentially contribute to 
DIDS system development; 

• That states should be treated as equal partners within the inter- 
governmental data community. 


II 
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STATE INVOLVEMENT IN AND USE OF LANDSAT TECHNOLOGY 
Paul A. Tessar 

National Conference of State Legislatures 
Denver, Colorado 


I. OVERVIEW 

The states have been active participants in the Landsat program over the 
last five years. My presentation today will first discuss some background 
on state involvement in Landsat systems planning, will review the status of 
state Landsat use, overview major state recommendations on the Landsat system 
and related programs, and lay out future plans of the federal government 
regarding the Landsat system as reflected in the Fiscal Year 1982 budget 
process . 


II. BACKGROUND ON STATE INVOLVEMENT IN LANDSAT SYSTEMS PLANNING 

In 1976, NCSL (The National Conference of State Legislatures) initiated a 
Remote Sensing Project. Along with this project, a Remote Sensing Task Force 
composed of state legislators, legislative staff, and state agency staff was 
formed. This task force conducted a number of user requirement studies. In 
the last several years a new task force was formed called the NRIS, or Natural 
Resource Information Systems Task Force. There are a number of members of 
this task force in this region. Representative Tom Anderson of Michigan is 
Chairman, Bob Hansen of Minnesota is Vice-Chairman, Representative Dale Locker 
of Ohio is a member of the committee, as are Delegate Judith Toth of Maryland, 
Senator Jerome Van Sistine of Wisconsin, and Representative Monroe FI inn of 
Illinois. 

NCSL, through its several Landsat-related task forces, has been very active in 
making recommendations to the federal government on the configuration of the 
Landsat system, and the types of support activities required by state and 
local governments to utilize these capabilites. A number of technical 
recommendations were made on Landsat-D. A Landsat-D support campaign was 
initiated. Many letters were sent to NASA and 0MB and the Congress; and the 
result of these letters and other support was the approval of the Landsat-D 
program as currently planned by NASA. NCSL has also made many recommendations 
on the need for technology transfer assistance. These NCSL recommendations, 
in combination with the General Accounting Office Report suggesting that NASA 
needed to more actively see that their technologies were utilized, resulted in 
the formation of the NASA Regional Applications Program. 

Over the last two years, the NRIS Task Force has also been active in making a 
number of recommendations on the operational Landsat system as proposed by 
NOAA and the National Earth Satellite Service, or NESS. Over the years NCSL 
has been involved in a number pf user awareness activities such as committee 
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briefings and workshops and has produced a number of publications such as our 
NRIS newsletter, Legislator's Guide to Landsat and Legislator's Guide to 
Natural Resource Information Systems , data requ i rements surveys, and so on . 

In late 1978, the National Governors' Association, through the Council of 
State Planning Agencies, initiated the Earth Resources Data Project which is 
an executive counterpart to the Natural Resource Information Systems Project 
at NCSL. The Earth Resources Data Council is a group within the Council of 
State Planning Agencies that has provided continuing recommendations on the 
operational systems and technology transfer activities--many of their 
recommendations made in conjunction with the NCSL Task Force described 
previously. CSPA has also been involved in various user awareness activities 
in conjunction with NCSL and the NASA regional centers. 

In 1978, the Intergovernmental Science, Engineering and Technology 
Advisory Panel, or ISETAP, conducted a study on the state and local government 
needs for an operational Landsat system. There were many recommendations on 
the need for an operational system, the form it should take, and the need for 
related technology transfer assistance. One portion of the ISETAP study was a 
state Landsat application survey. This survey is currently being updated by 
NCSL and CSPA. 

Over the years, the states have also supported a number of Congressional 
initiatives directed at operationalizing the Landsat program. These would 
include the Moss bill, the Ford bill, the Stevenson bill, the Schmitt bill, 
and, in the future will include additional legislation by Senator Harrison 
Schmitt of New Mexico and Representative Don Fuqua of Florida. It is 
anticipated that the Senate will have a bill out by this summer which will 
deal with the short- and long-term issues related to institutionalization of 
the Landsat program. 


III. STATUS OF LANDSAT USE 

Over the last several years there has been a dramatic increase in state 
usage of Landsat data. By July 1976, there were four states that had 
analysis and applications capabilities: Texas, Georgia, South Dakota, and 

Mississippi. At that time, there were also stirrings of interest from a 
number of other states. As of July, 1978, two more states with analysis and 
applications capabilities were on line: New Jersey and North Dakota. At that 
time 20 states were beginning involvement with the NASA Regional Applications 
Program. 

As of today, there are 16 states with digital Landsat capabilities including 
Georgia, Idaho, Iowa, Kansas, Louisiana, Maryland, Maine, Minnesota, New 
Jersey, Oklahoma, Oregon, South Carolina, South Dakota, Texas, Vermont and 
Washington. There are 10 states at this time planning to develop capabilities 
including Alaska, Arizona, Florida, Kentucky, Michigan, Mississippi, Montana, 
New Mexico, North Carolina, and Virginia. These estimates are conservative. 
Other states may be moving ahead. Still, by July 1982, at a miminum, half the 
states will be routine Landsat users. 
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IV. MAJOR NCSL/CSPA RECOMMENDATIONS 

The NCSL/NRIS Task Force and the CSPA Earth Resources Data Council have, 
over the last several years, spent a great deal of time studying Landsat- 
related Issues. A number of major recommendations have been developed 
including: 

• Data continuity-- These recommendations have dealt with a need for an 
operational system and the need to build a third and fourth Landsat-D 
to ensure continuity through the 1980's. 

• Frequency and pattern of observation-- These recommendations have 
highlighted the need for a two-satellite system for potential eight- 
day coverage, and the use of inventory rather than skip orbits. 

• State representation in program management-- These recommendations 
have dealt with the need to have NCSL and NGA seats on the federal 
Landsat Program Board and the need to have actual state agency users 
on NOAA's User Advisory Committee. 

• Fully operational system-- These recommendations have dealt with the 
bands and resolution required In a fully operational system, and the 
need for pointable sensors. 

• Data processing system-- A number cf recommendations have been made 
in this area including: 

-routine delivery of standard products in seven to fourteen days; 
-emergency delivery In twenty-four to forty-eight hours; 
-retrospective orders in fourteen days; 

-all digital data processing system; 

-nearest neighbor or cubic convolution resampling; and 
-the need for a variety of map projections. 

• Data pricing-- These recommendations have dealt with the need for 
phased incremental price increases and the need for adequate notice 
of such major price increases to state users. Many states use 
biennial budget processes, and these two-year budgets are prepared as 
much as nine months in advance of their implementation. Therefore, 
three years are required for some state users to have adequate notice 
of price increases. These recommendations have also made the point 
that state and local users of Landsat are significant users from a 
public policy standpoint, and it is not in the public interest to 
price these users out of the market. 

• Data copyright-- This recommendation has dealt with the need for an 
exemption from the copyright laws for state and local governments for 
internal usage of Landsat data. 
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• Data archival— These reconmendatlons have discussed the need to save 
all usable data Indefinitely. The desire for federal archiving 
policies to be clear and consistent and for adequate notice to be 
provided to users of any changes to these archival policies has also 
been expressed. 

e Technology transfer-- The states have provided strong support for 

NASA Landsat technology transfer efforts — the Regional Applications 
Program, the User Requirements Program, and the University Affairs 
Program. The states feel thac there are a number of program elements 
required for successful technology transfer Including orientation, 
training, demonstration. Involvement of policy makers, system 
development assistance, and a geographically focused program. 

V. FUTURE PLANS FOR THE LANDSAT SYSTEM 

The best case scena'^lo for the future of the Landsat system was. In n\y 
opinion, the Carter budget. This budget recommended that NOAA proceed to 
build Landsat-03 and -04 to assure data continuity through the 1980's, that 
the ground segments be Improved so that there would be an operational data 
system at Goddard, and that a quick-look capability be available. The Carter 
budget also provided adequate funding for a third segment of the Landsat 
system, the user application segment. The NASA Landsat Technology Transfer 
Programs for state and local governments were to be continued, and a NOAA 
market development program to work with other user sectors was to be initiated. 

Next I would like to discuss the worst case scenario. There is much 
speculation and rumor in the air. Rather than contribute to the rumor mill, I 
would like to go at this question from the angle of "what is it that we have 
to lose? What are potential and likely budget cuts, given the current climate 
in Washington?" 

The Administration and/or Congress will probably examine the commitment of 
the previous Administration to an operational system. It appears that the 
transition from the private sector will be accelerated and that we may 
continue with a quasi-operational system for the near term. Landsat-Dl and 
-02, currently under construction, are probably too far along to stop. NOAA's 
suggested appropriations for $100 million-plus to build Landsat-D3 and -04 
would appea^' to be questionable given massive non-military budget cuts. If 
these expenditures are eliminated, the prospects for data continuity through 
the decade are not as bright. 

Enhancements to the C'ound data processing system proposed by NOAA are 
likely to be considered duplicative of the EROS facility and are likely to be 
cut. In fact, these enhancements fell victim to the first round of Reagan 
budget cuts. Finally, the administration appears to be eliminating technology 
transfer across the board, and NASA and NOAA activities in this area could be 
terminated. 

These potential cuts are of great concern to state and local governments. 
There are many reasons why an uperatlonal Landsat system is needed. The new 
emphasis of tne new Administration appears to be a shifting of resource 
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planning and management to the states. These types of planning and management 
efforts can be materially aided by the use of Landsat data. At the same time, 
federal aid to the states Is being cut, and many state budgets are In jeopardy 
due to declining revenues. In these times of tight state budgets, the states 
have to do more with less. Landsat Is a cost-effective tool and can enable 
smaller staffs to do more work with smaller budgets. The Landsat system and 
technology was developed by the federal government at an Investment of $1 
billion. The states and the people of this country should benefit from this 
$1 billion research and development Investment. 

There are many national policy Implications also Involved In this question 
of whether or not there will be an operational Landsat system. The French 
government Is developing a system which may compete with Landsat-0 called 
SPOT. The Japanese are also competing. Perhaps seme day we will be using 
data from their system If the U.S. abandons Its plans for an operational 
system. In short, the users of Landsat data need the continuity and re- 
liability of service that will allow them to confidently make investments 
which will enable them to utilize Landsat data effectively. 

There is a crucial need for technology transfer assistance In general, and 
in the NASA Landsat Technology Transfer Program in particular. The space 
segment and the ground segment are only a part of the overall system. We need 
to recognize and service the user application segment as well. For about $6 
million a year, the federal government could assure that state and local 
government and public sector users benefit from this $1 billion federal 
investment. It would be quite "penny wise and pound foolish" to proceed 
without such a technology transfer program. 

The private sector will not do technology transfer on its own. It is in 
their interest to sell services and products, not to develop self-sufficient 
users. Technology Transfer Programs in NASA, in fact, help to develop a 
market that this private sector can serve. Unfortunately, most private sector 
firms have not recognized this fact. Technology transfer is relatively cheap, 
perhaps as cheap as the tile on the space shuttle, and the benefits of this 
assistance are quite large. The NASA Charter does require the widest 
practical dissemination of R & D results, and without technology transfer we 
cannot be assured that the users will benefit from our nation's $1 billion 
investment. 

Our state governments are very conservative in developing new programs. 
States simply do not take many risks. As far as new technologies are 
concerned, our Governors and Legislators are all "from Missouri". Clear 
benefits need to be demonstrated before they are willing to invest. I'm not 
sure how many states would be willing to come up with $50 to $100 thousand 
for a Landsat demonstration project, training and technical assistance. They 
simply would not take advantage of the opportunities and capabilities 
available from Landsat were they required to invest up front. Given a low- 
cost, low-risk opportunity to evaluate Landsat, most states have decided to 
invest in it. Without these demonstrations, however, most would not even have 
investigated the technology, much less invested in it. 
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A final point regarding the need for federal technology transfer regards 
the way the private sector would operate a technology transfer program. The 
private sector would serve the largest users and let the small ones go. In 
terms of dollar volumes, the states are rather small users of Landsat. They 
represent only 6 to 8 percent of the market. In terms of the public policy 
significance of their usage, however, the states are extremely important 
users. It Is the states that by and large manage our nation's resources and 
provide stewardship to see that these resources are used without being 
abused. 

The above speculations on the worst case scenario are oased on what I feel 
may come to pass in the Reagan budget recommendations. Perhaps I'm 
overstating the case, and perhaps not. The budget is currently executively 
confidential. NASA and NOAA officials <. nnot speak on the budget until It Is 
released later this week, fou may want to listen very carefully on Thursday 
to NOAA and NASA presentations to see how the programs and hardware discussed 
earlier have fared. 

VI. CONGRESSIONAL APPROPRIATIONS PROCESS IN BRIEF 

The Administration budget will be out in the next few days. ..s we all 
know, however, the President proposes and Congress disposes. Congress will 
determine the FY 82 budget. There are many channels open to influence the 
Congressional process. Those who are concerned will make their feelings and 
recommendations known to appropriate authorities. 

In the next few months, authorizations, appropriations, and budget 
committees in both houses of the U.S. Congress will be very busy. They will 
be holding hearings, examining agencies and programs, accepting inpu't from 
government officials, commercial firms, and private citizens and determining 
what they feel is a proper funding level for each and every agency and program 
in the federal government. The FY 82 budget will be the output of this 
process. It is my hope that this budget will include sufficient funding for a 
credible Landsat system and Technology Transfer Program. If the 
Administration and Congress agree with our collective recommendations, it 
will. 
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The Department of Natural Resources, Environmental Protection Division 
has been Involved In a project for computer mapping and analysis for approxi- 
mately four years. The Initial efforts Include the processing of Landsat 
digital data for each 1.1-acre cell In Georgia and subsequently categorizing 
the land cover conditions. The project has Included the completion of several 
test cases as well as the establishment of an operational hardware and soft- 
ware processing capability at the Georgia Institute of Technology. Following 
the completion of the test cases, the operational capability was developed to 
process the entire state (60,000 sq. miles and 14 Landsat scenes) In a 
cooperative project between eleven divisions and agencies at the regional, 
stc-e, and federal levels. Products have been developed for agencies such as 
the Corps of Engineers, Game and Fish Division, Georgia Forestry Comalsslon, 
and several other agencies In both mappped and statistical formats. 

The project has further Involved the development and use of a 
computerized geographical data base for management programs. To a large 
extent the applications of the data base have evolved as users of Landsat 
Information requested that other data (I.e., soils, slope, land use, etc.) be 
made compatible with Landsat for management programs. To date, geographic 
data bases Incorporating Landsat and other spatial data have been constructed 
to deal with elements of P.L. 92-500 sec. 208, the municipal solid waste 
management program, and reservoir management for the Corps of Engineers. In 
addition, Landsat data are being used for applications In wetland, wildlife, 
and forestry management. While a great deal of technical Improvements to the 
system have occurred, the success of the Georgia project lies with the under- 
standing of and the ability to deal with the Institutional needs and user 
requirements for management programs. 


BACKGROUND 


Over the past several years, the Department " Natural Resources (ONR) 
and several other state agencies have expressed t^e need for an efficient 
means of collecting, storing, graphically jlspla ,iig, and Interpreting natural 
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resource InforMtloe. In eddUlon, several federal agencies with planning and 
regulatory responsibility fbr Georgia also expressed the need for an efficient 
data handling systew. Given this dcMnd for wre efficient data handling 
procedures, DNR began to look for an alternative to traditional Manual Mapping 
Methods. 

Beginning In late 1974, the State of Georgia was offered the (^portwilty 
to visit the Earth Resources Laboratory of NASA. During the visit, NASA 
personnel explained the processing procedure for the Landsat date. In 
addition, several case studies were discussed and as a doMonstratlon NASA 
processed one Landsat tape using ground truth Information collected prior to 
the visit. 

The results of the visit were of sufficient Interest to several program 
manegers that a formal request for technology transfer was submitted from 
Georgia to NASA. NASA agreed to Initiate a technology transfer consisting of 
two phases. Phase I would determine the feasibility of using Landsat for 
manage m e n t applications In Georgia utilizing NASA hardware and software 
essentially cost free to the State, and Phase II would transfer the software 
and application knowledge provided the State secure the necessary hardware 
capability. 

tfith the availability of satellite Images from Landsat, the gathering of 
1.1-acre land cover Information became possible within a reasonable budget and 
time frame. Although very useful, Landsat data alone has only limited appli- 
cation to the wide range of technical and management programs that agencies 
such as DNR have to administer. Therefore, In order to achieve maximum 
utilization of the Landsat data. It has beccae necessary to combine It with 
other types of mapped data to create a usable and cost effective system for 
data management. Over the last several years, DNR's ability to generate land 
cover data (I.e., maps and statistics) from Landsat has Increased to an opera- 
tional system capable of Integrating other geographic files. 


SYSTCM CONFIGURATION 
Hardware 


The Resource Assessment Unit of DNR uses the State of Georgia's UNIVAC 
1100/82 with an EXEC 8 operating system. Communication with the large 
mainframe Is accomplished primarily through "dial-up" terminals. Computer 
usage requiring large or special (overprinting at 8 LPI) printouts Is done 
batch while data base updating, correcting and statistical reporting are 
accomplished In an Interactive mode. 

All Landsat processing was accompli shd at the Georgia Institute of 
Technology which Is also located In downtown Atlanta. Concurrent with the 
Statewide Landsat Classification Project, Georgia Tech purchased a mini- 
computer system which was equipped with two disk packs, each with 2 1/2 
megabytes of storage, two dual density 9- track tape drivers, a 20" electro- 
static printer/plotter, a dumb terminal, and a color image processor. The 
color Image processor has been modified by Tech personnel to enable Its use In 
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either a 256x256x3 plane fonut or a 512x512x1 plane foraat, both with 8-b1t 
planes. The sophisticated raster leage processor enabled field personnel to 
directly enter training saaples by previewing raw Landsat data so the reflect 
ances reseii>1ed a color Infrared photograph. The raw data capability* plus 
the high cost of CPU tiae on large Mlnfraaws such as the UNIVAC, required 
that ail Landsat processing occur on the alnl-coaputer systea at Tech. 

Construction of the coaputer data bases Including 1) acquisition of 
data, 2) field checking, 3) encoding, 4) data entry and storage, 5) 
editing, and 6) data retrieval and display was a state effort conducted by 
the Resource Assessaent Unit. These data bases were built and are aalntlaned 
by ONR personnel on the State's UNIVAC. 

Coaaunlcatlon of data between the 36>BIT UNIVAC and the 16>BIT alnl- 
coaputer was accoapllshed with soae degree of difficulty using data tapes 
written In binary. The transfer of Landat data to the State-aaintalned data 
bases peraitted Interactive use of current Landsat Inforaatlon through the 
already established data base software. The transfer of the verified and 
corrected data base Inforaatlon to Tech's alnl -coaputer systea allowed for 
color graphic display and for efficient creation of graphic presentaticn 
aaterlals on 35-aii slides. All 35-aa slides were photographed directly from 
the color Image processor. 


Software 


With DNR contracting portions of the project to Georgia Tech, the 
scenario was .reated whereby two different coaputer systems with divergent 
Institutional direction and differing staff disciplines were being employed. 
This caused a large variety of software to be developed, converted, and 
Implemented. 

The primary software used on the State's Uni vac was CONGRID/DBMANG 
developed by Richard Hokans at the School of Forest Resources, University of 
Georgia. The CONGRID (conversational GRID) program Is a FORTRAN program 
developed from (as so many of the Grid-oriented data base programs are) the 
GRID computer mapping program originally developed by Sinton and Stelnitz at 
Harvard. The program used by Resource Assessment has a format-free verbal 
command language enabling Intersection, union, and linear combination of data 
variables and generation of associated line printer gray-scale maps. The 
DBMANG (Data Base Manager) program also uses a verbal command language and Is 
used Interactively to build, edit, and maintain the data files and to generate 
new variables such as soil -associated characteristics from existing soils 
data. 


The software utilized at Georgia Tech for the data base projects Is a 
highly modified mini-computer version of IMGRIO. This version Is modularized. 
Interactive, and raster oriented. In addition, there are a wide variety of 
computer programs developed at Georgia Tech to handle all aspects of Landsat 
processing Including geometric rectification and Image display on the mini- 
computer system. 
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LAWOSAT 

Bacicground 


Phase I of the Landsat project surveyed existing prograas within> the 
Department of Natural Resources to determine which of these might require data 
which Landsat could provide. Several Landsat-deri ved products were produced, 
including the processing of two Landsat scenes, one for coastal Georgia and 
one for the northern portion of the State. The land cover categories 
consisting of water, high and low density urban, pastures, cultivated lands, 
bare ground, deciduous and coniferous forest, and wetlands were displayed on 
the products and determined to be of interest to several regional, state, and 
federal programs. The data were produced in formats specified by the user 
ranging from geographically mapped products at various scales to tables of 
statistics by water quality management units (watersheds) and counties. At 
the completion of Phase I in 1976, it became apparent that Landsat digital 
processing could provide relatively detailed and accurate data on a repetitive 
basis covering the entire state, a capability which had never before existed. 
Since many of our programs require statewide data and analysis over time, 
Landsat 's type of coverage and data production became most attractive. 


Institutional Approach 


The current Phase II effort is a good example of how regional, state, and 
federal agencies in Georgia are working together with a coirmon data source for 
specific applications. DNR has been coordinating a state-wide Landsat digital 
processing effort which was recently completed. The role of DRN in this 
project has been to establish a structure for joint participation in the 
effort, the development of product criteria vis-a-vis legislative requirements 
of the participating agencies, initiating a cost-sharing plan to insure 
affordable products win minimum duplication of effort, and to provide data 
for natural resource management programs as an extension of ONR's technical 
assistance role. 

The following are some of the regional, state, and federal agencies which 
participated in the Georgia Landsat effort (Figure 1). 

The Environmental Protection Division of DNR ; For Section 208 and 303e 
of PL 92-500, regarding non-point source pollution and water quality plans for 
river basins. The computer-compatible Landsat data allow summarization of the 
acreage of various land cover conditions within a watershed related to 
agriculture, forestry, construction, or mining elements that may be potential 
non-point sources of pollution. From this sunmary and supplemental infor- 
mation a comparative ranking of the potential of watersheds within the State 
to emit non-point source pollution was developed. Best management practices 
were then formulated for those watersheds with the highest pollution 
potential . 

Soil Conservation Service of the U.S. Department of Agriculture ; For the 
Conservation Needs Inventory, regarding the extent and areas of change in 
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specfffc types of egrlculture* the location of potential areas of gross 
erosion, and the resulting effects on water quality. Specific land cover 
conditions which are derived froai the Landsat data Include location of 
pasture, bare ground, and crops. The Landsat Infomatlon allows land cover 
trend Identification, which should facilitate more effective allocation of 
fir id personnel. Also, the vegetation cover and water relationships (e.g. , 
wetland conditions) Identified by Landsat are useful for envlronamital 
assessaent In water resource projects. 

U.S. Ai^ Corps of Engineers ; For Section 404 of PL 92-500 regarding 
dredge and fill peralts. Including location of wetlands and spoil areas. In 
order for the Corps of Engineers to effectively Impleaent the pemlttlng 
program, they first need to be aware of the wetland locations. Landsat data 
provide this Information. Also, the repetitive nature of Landsat allows 
monitoring of wetland conditions over time. 

Game and Fish Division of ONR : For the Itood Duck Habitat Study under the 
Pittman-Robertson Act. Landsat is well suited for determining different types 
of vegetation. This Is valuable Information for wildlife biologists In 
studying habitat areas. 

Department of Cwiminlty Affairs ; For making land use Inferences from 
land cover categories for coaq>rehens1ve development plans under HUD 701 
planning requirements. Several Area Planning and Development Commissions have 
expressed an equal Interest In this technique and are parti cl pNtIng In the 
project. 

U.S. Army, Fort Penning, Georgia : For analysis of forestry and wildlife 
management areas on the base as a part of the Environmental Impact Statement 
process . 

The challenge to the program during Phase II was to provide a quality of 
Information and support that warranted continuing use of Landsat data. It Is 
expected that future uses will emphasize Iterative applications such as the 
land cover data used by SCS In their Conservation Needs Inventory or by the 
Environmental Protection Division In their continuing water quality planning 
process . 


Procedure for landsat Mapping 


As the Phase II project began, the participating agencies expressed their 
genuine desire to the use of Landst data and furnish substantial field support 
and cost-sharing for the products. The Department of Natural Resources staff 
trained over 50 people from regional, state, and federal agencies In the 
process of correlating the Landsat reflectances to actual ground conditions. 
The training sessions were designed so field personnel would have an adequate 
understanding of what data were required while In the field. Listed below are 
the steps required for the Phase II effort. 
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•Selection of Manageaent Applications: Legally Mandated aanageaent 
prograas such as solid waste aanageaent, erosion and sedlaent control, P.L. 
92-500 sec. 208, etc. were reviewed to deteralne uhlch of the State's 
aanageaent efforts alght effectively utilize the Landsat data. 

-Design Statewide Landcover Classification Scheae and Ground Truth Data 
Collection Foras: A three-level land cover classification scheae was designed 
to encoapass all possible ground conditions. This task also covered the 
design of the ground truth foras which were used by the field personnel to 
record actual land cover conditions. 

-Designate Project Personnel: This task Included designation of agency 
personnel and their responsibilities to the Landsat project effort. 

-Training Sessions: Instructions were given to the field Investigators 

on how to coaplete ground truth foras and In the selection of ground truth 
saaples (I.e., an area specifically chosen for validation purposes). The 
ground truth saaples have hoaogeneous land cover conditions and were used to 
"train" the coaputer during the classification process. 

-Preview Dates of Satellite Coverage: This task Included selection cf 
recent cloud- free coverage dates which had the proper seasonal conditions. 

-Collect Inforaatlon for Ground Truth: Acquire aerial photography, 

photoaaps, base aaps, and topographic quadrangles which are used to locate the 
ground truth saaples. 

-Collect Ground Truth Data: Field Investigators collected ground truth 
data of uni fora areas (i.e., hoaogeneous stands of pine, aarsh grasses, 
pastures, etc., or impervious surfaces such as paving or exposed rock). 

-Enter Ground Truth Data Into Georgia Tech System: Ground truth data 

were entered into the coaputer in the fora of training samples. The training 
samples in turn were the validation procedure for the classification of the 
data. 


-Statistical Evaluation of Data for Uniformity: Computer histograms were 

run to test the uniformity of the selected training samples. 

-Classification of Landsat Data: This task includes the classification 

of the raw data using the training samples collected for each of the Landsat 
scenes. (Figure 2 shows the arrangement of the Landsat scenes for Georgia.) 

-Evaluation of Classified Data: The classified data were checked for the 

correct placement of land features such as lakes, forest, towns, beaches, etc. 

-Digitized County and Water (}ua11ty Management Units (WQNU) Boundaries: 
County and WQMU boundaries were digitized using the latitude/longitude 
coordinate systems. This digitized Information was then converted to pixel 
coordinates to be compatible with the Landsat data. 
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-Transformation matrices: Latitude and longitude coordinates were 
assigned to each of the Landsat 1.1-acre cells. 

-Combine Digitized Water Quality Management Units (WQMU) and County Data 
with Landsat Data: The digitized WQMU and county boundaries were superimposed 
over the Landsat data, and statistics were collected for each of the land 
cover categories within each of the boundaries. 

-Statistical Analysis of Acreage: To further document the Landsat data, 
the total area of the digitized county data was compared to published acreage 
statistics, and the d1g1t1".ed WQMU data were compared to statistics derived 
from planimetering the WQhiU's. 

-Preparation for Printing: Data were written In a specified format onto 

a computer tape which was used to produce both negative and positive film 
recordings. 

-Distribution of Products: Products were distributed to agencies who 

cooperated In the Landsat project. The complete listing of products .s shown 
In Figure 2. 


Landsat Results 


Although no exhaustive efforts were made to establish the precise level 
of accurac> for the Landsat Information, there were preliminary efforts to 
this end. These efforts Included the review of literature which dealt with 
anticipated results In the eastern U.S., superimposing or "flashing" raw data 
over the classified data, and consultation with personnel from the various 
field agencies. 

Results of these Informal efforts confirmed the conclusion that the 
Landsat products were of very high levels of accuracy for most categories. 

The ranking of the land cover conditions according to the accuracy of 
determination, going from the high to low were: water, wetlands, forest 

conditions, pastures and grass areas, exposed earth, high-density urban and 
then low-density urban areas. Further, It should be stated that temporal 
conditions and physiographic regions were at least partly responsible for our 
varying degrees of success. Further analysis showed that the degree of 
difficulty in classifying an area was directly related to the amount of 
experience the Individual in the field had collecting training samples and the 
time in the field relative to the time of satellite passover. The conditions 
which caused the greatest concern were snow and bare ground. The snow 
occurred only in the highest elevations of North Georgia and under most 
conditions is not a factor at Georgia's latitude. However, the bare ground 
conditions caused by recently cleared agriculture areas in the South Georgia 
region caused some signatures to be confused with urban areas of similar 
reflectance. Proper temporal consideration should lessen these difficulties 
in future efforts. 


25 



The results of the Phase II effort supported the earlier premise that 
satellite data could be used to effectively catemrlze land cover conditions 
statewide. The project produced maps covering all 60,000 square miles of the 
State along with statistics for each of the 198 HQNU's and 159 counties. The 
challenge to the future will be to Increase the awareness within the agencies 
of Landsat's total abilities, to Increase the technical ability to perform 
tasks, and to b**oaden the operational system. 


DATA BASE 
Background 


With the availability of satellite Images from Landsat, the gathering of 
land cover Information for 1.1-acre cells became possible wthin a reasonable 
budget and time frame. Although very useful, Landsat data alone have only 
limited application to the wide range of technical and management programs 
that agencies such as the Department of Natural Resources have to administer. 
Therefore, In order to achieve maximum utilization of the Landsat data. It was 
necessary to combine It with other types of resource data. The objective of 
merging a number of different types of mapped Information Is to create a 
single computerized entity for maximum user Interface and for cost-effective 
data manipulations. 

As a means of assessing the advantages of developing and using a 
computerized data base to catalog, map, and analyze resource Information, a 
demonstration project was Initiated by the Department of Natural Resources In 
north Fulton County. The North Fulton Demonstration Project Included 
digitizing 23 data variables (eventually expanded to 35) over a 200-sq. ml. 
study area. Although the North Fulton County Project was not brought to 
completion (It was suspended for lack of personnel time), sufficient testing 
and preliminary analyses clearly demonstrated how a computerized data base 
could be useful In evaluating municipal solid waste management sites and In 
evaluating non-point source pollution as well as erosion potential of sites In 
water quality management units (kH)f1U). In summary, the North Fulton County 
Project demonstrated that resource data could be organized Into a readily 
usable computerized data base and successfully employed for land and water 
resource management. 

As a result of the success of the North Fulton Demonstration Project, the 
Department of Natural Resources contracted with the U.S. Am^ Corps of 
Engineers to prepare a computerized data base for two existing reservoirs In 
Georgia (Clark Hill and West Point) and one proposed reservoir (Richard B. 
Russell) and the adjacent lands (see Figure 3). The Resource Assessment Unit 
was to compile the most current natural and cultural resource data and store 
the Information In a geographically referenced computerized data base. The 
data base In turn would be used by the Corps In the updating of the master 
plans. In the case of the Russell Project, the data base was to be used to 
create an Initial Master Plan for the reservoir lands. 


26 



Institutional Approach 


The complexity of the Issues surrounding resource management has 
Increased significantly over the past 10 to 15 years. A particularly valid 
example of this Is the planning of a Corps of Engineers reservoir. These 
changes have occurred as a result of (1) the advent of more formal rules and 
regulations pertaining to reservoir projects, (2) the Increase In public 
participation, and (3) the need for a comprehensive design which takes Into 
account accessibility, supply and demand for recreational activities, and the 
Impact of recreational activities on the resource base. In most cases the 
solution requires a complete natural and cultural resource analysis In concert 
with a demand/feasiblllty study. As the public demands greater access to 
reservoirs, managers are often faced with an array of Issues and requirements 
which must be understood and fulfilled. A successful management system must 
balance the often conflicting concerns of environmental quality, recreation, 
budget restrictions, and regulations. Because of this Increase In complexity 
the management techniques of a decade ago are no longer adequate. Therefore, 
the need arose to test computer methods for designing a master plan. 

The computer data bases which this paper describes were employed by the 
Georgia DNR for the Clark Hill, Richard B. Russell, and West Point projects. 
Essentially, the method Involved the use of computer data base programs for 
the display and analysis of natural and cultural resource data (Figures 4-10). 

The data base was designed specifically to address the concerns of the 
legislation which the Corps of Engineers Is mandated to consider, namely: 

(1) National Environmental Policy Act of 1969 

(2) Federal Water Project Recreation Act of 1965 

(3) 'j.S. Fish and Wildlife Coordination Act of 1965, as amended 

(4) Historic Preservation Act of 1966, as amended 

(5) Executive Order 11593 on Historic Preservation 

(6) Clear Water Act of 1977 

(7) Endangered Species Act of 1973, as amended 

(8) U.S. Army Corps of Engineers Regulation 1130-2-406 

The use of a data base for the management of lands adjacent to a 
reservoir project is a technique aimed toward total and comprehensive land 
management. When the data base is properly constructed, this approach can be 
utilized to handle the accounting of all natural and cultural resource 
information that might be required In the planning process. The data were 
then used independently and In concert with other data sets to evaluate areas 
of the reservoir sites which were considered appropriate and inappropriate (as 
defined by Corps criteria) for land use activities. 
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In review: the data base approach has displayed several advantages over 
traditional planning methods. Both manual and computer approaches assumed 
that the data are available or that the data can be generated from existing 
information. Although both manual and computer methods require data gathering 
efforts, data collection for the data base approach proved to be less 
expensive for the Georgia DNR because of the systematic approach employed. In 
addition, mass producing computer driven information in map form is 
considerably less expensive than traditional techniques. Over time, the data 
base information will be updated and edited as the Corps requires or as new 
data are developed. All possible economic efficiency is almost certain to be 
realized if data are updated on a repetitive basis, rather than expending 
funds for an entirely new data collection effort every 5 years as Georgia has 
done in the past. 

For analysis, the computer data bases were designed to integrate archived 
computer daiv. in a manner that gives flexibility to a wide variety of map 
users. The programs are able to be used in conversational language and are 
designed for maximum flexibility as they contain several routines which 
perform various types of analyses. Further, once the data base exists, the 
analyses can be generated for a fraction of the cost of manual analysis and in 
considerably less time. Analysis maps can be generated for specific issues 
and tailored to the needs of the user. This approach allows maximum input in 
a planning process for all interest groups witi' each having the ability to 
test the impacts on their particular concerns. The automated approach 
therefore assisted in a more objective and economical means of data 
collection, analysis, and public participation and in certain cases may result 
in quicker regulatory approval and project implementation. 

Future Landsat and Data Base Efforts 


At present, there is no formally established interdepartmental effort in 
Georgia government responsible for providing data base and Landsat products to 
the prospective user. The reason is that the user community is content with 
the present arrangement for products and services (typically contractual) and 
also because most organizations have been unable to fund efforts other than on 
a project-by-project basis. At first glance the latter comment might cause 
concern as to the aoility of the state to design and implement an operational 
data base system. However, a more detailed analysis of Georgia's institu- 
tional arrangement might yield further insight into understanding the present 
course of action. 

To date, program managers have been most receptive to exploring new 
techniques for data acquisition and analysis. The primary reason for this 
receptivity is the increased responsibility placed on state resource managers 
by federally mandated legislation. These federally mandated programs often 
require massive data collection efforts and tight deadlines. Therefore, 
federally imposed deadlines, in concert with existing management programs, 
have created the need for a product-oriented state information system which is 
able to perform a diverse group of technical tasks within relatively short 
periods of time. The challenge to the technical staff has been to aggregate 
several isolated efforts into a state framework for land management. 
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The challenge facing the effort for a state siystem In the Immediate 
future will be one of Institutional rather than technical concerns. Although 
an operational Landsat and data base capability exists, the system Is designed 
as a “pay-as-you-go" arrangement. Therefore, potential users have difficulty 
utilizing the system unless funding Is available to cover the anticipated 
costs of a project for data collection, analysis, and dissemination. 
Unfortunately, funding Is often unavailable or Inadequate to meet the costs 
for certain projects. Tnis scenario can result In potential data base and 
Landsat projects resorting to traditional manual methods because of the 
Inability to access the system. Therefore, the questions which were addressed 
In 1976 In establishing the system (such as financing, location, and system 
configuration and objective.) will all require new thinking for the 1980's. 


SUMHARY 


The practical applications for these Landsat and data base techniques are 
almost limitless for an agency such as the Department of Natural Resources 
whKh continually makes decisions for which the best and most current 
information Is needed. 

To date, data base and Landsat activities conducted by the Department of 
Natural Resources have demonstrated how data variables such as land cover, 
soils, slope, and wetland Information can be Integrated and analyzed for 
management programs. Further, the 40m data from Landsat C and the proposed 
30m Thematic mapper data from Landsat 0 or D' will allow considerably greater 
opportunities to map land cover conditions and boundaries of wetlands and to 
derive better statistical accuracy. 

A strong argument can be made for the Incorporation of Landsat Infor- 
mation with other resource Information to form a data base of natural and 
cultural Information for state resource management programs. The data base 
has demonstrated how large volumes of mapped or statistical Information can be 
easily accessible In a format for decision makir.^ Further, the data base 
approach will allow managers and technical staff to maintain a "quick look" 
capability so existing and potential areas of difficulty can be evaluated and 
monitored over time. 

The quick look capability can readily access county, watershed, and 
wildlife management area data which could be Immediately displayed and 
compared with other maps, aerial photographs, and permit related Information. 
This capability has the advantage of allowing the most recent and 
comprehensive Information to be readily available for the decision-making 
process. Further, the data car Lj updated while allowing change detection and 
other management oriented analysis to occur. As an example, change detection 
can be en^loyed If a project manager wanted to know the extent of land cover 
changes In a watershed over a period of time. This might Include the change 
In the amount of acres of Impervious surface In a watershed over a period of 
time and where the changes have occurred. 



Perhaps the laost valuable aspect of the date base process Is the ability 
of program managers to look quickly at various alternative sites and plans. 

The data base process enables a program manager to change the data variables 
and criteria of an analysis to view other possible plan alternatives. Using 
the data base, the plan alternatives can be evaluated and updated with greater 
ease than with traditional methods. 

The three reservoir projects which the Department of Natural Resources 
has completed using the data base techniques have proven to be cost efficient 
and effective from the C.O.E. technical and management perspective. Perhaps 
even more Important, a process has been Instituted that will permit updating 
of existing data and the addition of new data Into a computer format that Is 
easily accessible to all users. In the long run, the data base approach Is 
the only solution that will allow Information to be efficiently housed In one 
location and yet be accessible to all public agencies concerned with Georgia. 
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Ga. DNR - EPO 

Ga. ONR - Game & Fish 

Ga. Dept, of Community Affairs 

Ga. Forestry Comnission 


Ga. Office Planning & Budget 


U.S. Soil Conservation Service 


U.S. Army Corps of Eng. 


U.S. Anny - Fort Benning 


North Georgia Area Planning 
& Development Commission 


Coosa Valley Area Planning 
ft Development Commission 


PROJECT OU TPUTS 

Statistics of landcover categories 
for each of 198 WQMUs 

Statistics of landcover categories 
for each of 159 counties and 35nm 
slides for certain counties 

Statistics uf landcover categories 
for each of 159 counties and 
1:250,000 maps of the state 

Statistics of landcover categories 
for each of 159 counties & 

1:250*000 maps of the state 

Statistics of landcover categories 
for the 159 counties plus 
1 : 250,000 maps 

Statistics of landcover categories 
for each of 159 counties & 

1:250,000 maps of the state & 35mm 
slides for each of 159 counties 

Statistics of landcover categories 
for each of 198 WQMUs and 1:250,000 
maps of the state 

Statistics of landcover categories 
for the fort's 11 management areas 
plus a 1 : 50,000 map 

Statistics for 6 counties, stat- 
istics for 100+ census enumeration 
districts plus county maps at 
r = 1 mile 

Statistics for 10 counties plus 
county maps at V = 1 mile 


PROGR AM USE 

P.L. 92-500 sec. 208 & 303e 


Wood Duck Habitat Study and 
other wetland related programs 


HUD-701 natural resource 
element 


Statistics to assist in site 
location studies for forest 
products industries 

HUO-701 natural resource 
element, State Development 
Plan 

Conservation Needs Inventory, 
Land Inventory Monitoring 
Program 


Urban Studies, Wetland Ident- 
ification (ie. 404), Lakeshore 
Management Studies 

Base Master Plan and Environmental 
Import Statements 

HUD- 701 natural resource 
element 


HUD-701 natural resource 
element 


Figure 1. Statewide Landsat Project 
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L^NDSAT PRODUCTS 

* Classified Landsat data for each of the above scenes 

* 1:250,000 Statewide Maps for each of the above scenes 

* 35 mm slides of each of the 159 counties in Ga. 

* Statistics by county for each of the 159 counties 

* Statistics by water quality management unit for all 198 units 

* Selected products at 1:50,000 and 1 *24,000 

Figure 2. Landsat Scenes, Dates and Products 
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Londsiit Land Cover Map of Clark Hill Reservoir. 
89-acre cells (scene boundary apparent at bottom of 
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Figure 5. Land Use Map of Clark Hill Reservoir 
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Erosion Potent lal Map of Clark Hill Reservoir 
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Figure 8. Slope at 4.89 Acres 
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Figure 10. North Fulton County Emphasis Map 
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THE PACIFIC NORTHWEST REMOTE SENSING PROJECT 


Wallace £• Hedrick 
Resources Northwest, Inc. 


ABSTRACT 


In February 1978, the Pacific Northwest Regional Commission (PNRC), made 
up of the Governors of Idaho, Oregon, Washington, and a federal co-chairman 
appointed by the President, approved a three-year effort entitled the Landsat 
Applications Program (LAP) aimed at establishing operational capabilities in 
the Pacific Northwest to analyze Landsat digital imagery and apply the results 
to natural resource management programs. 

It all stated in the fall of 1974, when the PNRC established the **Land 
Resources Inventory Task Force*' (later changed to "Technology Transfer Task 
Force") with the charge of investigating the potential application of Landsat 
technology to state and local problems. The Task Force, with representatives 
from Idaho, Oregon, Washington and a project director proposed the establish- 
ment of the Land Resources Inventory Demonstration Project (LRIDP). The 
project was designed to demonstrate to state and local agencies methods for 
extracting and using information derived from satellite remote sensing tech- 
nology. The Task Force proposed that state and local agencies obtain 
assistance from organize' ons that had the required technical expertise and 
analytical capability in the remote sensing field. The Task Force requested 
and received this assistance from the Natioral Aeronautics and Space 
Administration (NASA) and the U.S. Geological Survey (through the EROS and the 
Geography Programs). During the LRIDP, tne Task Force and its two federal 
partners assembled 45 state and local agencies as participants in 25 
individual demonstration projects. These projects were in the discipline 
areas of forestry, agriculture, rangeland, urban, coastal zone, noxious weeds 
and surface mining. The results of the LRIDP encouraged the Commission to 
embark on the Landsat Application Program in 1978 which had as its stated 
objective.... "to establi^^h in-state capability for the use ard application of 
Landsat data by state and local agencies in their decision making and resource 
management processes." This objective has been achieved by establishing 
operational analysis facilities in each of the three states. Idaho and 
Washington have installed Landsat digital analysis systems in Boise and 
Olympia to augment analysis programs already in place within those states. 
Oregon, meanwhile, has enhanced existing capabilities at Oregon State 
University in Corvallis. Currently, a number of agencies are conducting 
operational application projects utilizing the new data analysis facilities 
and Landsat derived data are now being used by these agencies in their 
day-to-day operations. 
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IDAHO 


Governor John V. Evans issued Executive Order 60*4 on April 11, I960, 
establishing an Idaho Image Analysis Facility (IIAF). The facility is 
operated by the Idaho Department of Water Resources which has been the state's 
lead agency during the Landsat Application Program. The executive order was 
the formalization of a long-term effort to establish operational Landsat 
digital analysis capability in the "Gem State". Govornor Evans' order 
provides a framework for insuring management, coordination, maintenance and 
technical support of the image analysis facility. The Idaho Image Analysis 
Facility, while housed and maintained by IDWR, is accessible to other stal e, 
federal and local agencies and private interests. IDWR will provide the use 
of this equipment to agencies in conducting Landsat digital analysis projects. 
The primary components of the Idaho facility are the VICAR/IBIS image analysis 
software on the State Auditor's IBM 37C-168 and an interactive digital image 
display device — STC Model 70 Display and System 511 software — which 
operates on IDWR's PDF 11/34 computer. The facility also maintains inter- 
pretation equipment for Landsat imagery and aerial photographs. 

The establishment of the IIAF is the first step of operational 
utilization of Landsat data vithin the state. Faced with very limited budgets 
and increasing data requirements for improved planning and decision making, 
the resource managers and policy makers in Idaho will be demanding a level of 
production capability from this technology which will far overshadow the 
efforts to date. 


OREGON 


Oregon was the only state with an existing Landsat processing capability. 

The Environmental Remote Sensing Laboratory at Oregon State University was 
already established with support from the University Affairs Office of NASA. 
The state, therefore, elected to enhance these facilities as its approach to 
developing operational use of Landsat and designated ERSAL as the operational 
facility for Oregon. 

ERSAL is not limited to Landsat, but provides a full range of services 
including: sample design for resource inventory and map accuracy assessment; 

interpretation of large and small scale aerial photographs; analysis of 
multi- date imagery; and geoscience applications of sidelooking radar imagery. 
The Landsat processing at ERSAL is done on a Cyber 73 at the OSU Computer 
Center vhich provides for bulk processing and remote access from ERSAL. 

The Landsat analysis software used '3 PIASYS, which stated from computer 
programs developed at Purdue University. This software has been significantly 
expanded and adapted for Oregon's use over the past 10 years by ERSAL’ s staff. 
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WASHINGTON 


Washington State did not start from an established base. Like Idaho, 
Washington was concerned with establishing an operational capability to 
service state users in u cost effective way. An analysis of existing state 
hardware showed that Washington State University had a computer with 
sufficient capacity to efficiently process Landsat data covering large areas. 

The Washington State University Computing Service Center actively sought 
to be designated the repository of processing capability. The availability of 
the AMDAHL V-6 offered a new generation computer capable of rapidly processing 
large amounts of data. The state agencies felt that the addition of inter- 
active image processing equipment would make it possible to effectively work 
with Landsat data. 

The operational capability in Washington consists of VICAR/IBIS software 
on the AMDAHL V-6 computer in Pullman and an Interactive Image Processing 
Laboratory (IIPL) on the Capitol Campus in Olympia. The IIPL operated by 
WSU/CSC contains (as in Idaho) the STC Model 70 Display and System 511 earth 
resources processing software which operates on a PDP 1 1 /34 computer. The 
AMDAHL V-6 is linked to the IIPL via dedicated telephone lines. Discipline 
expertise comes from within individual agencies or through cooperative 
agreements among participating agencies. 

Operational capability is achieved by melding the capability of 
established state expertise and equipment with a modest stimulus of new 
technology. Together, this combination provides an additional tool to those 
concerned with natural resource planning and management in Washington State. 


PARTICIPATING STATE AND LOCAL AGENCIES 


1 . Idaho 

a. Department of Water Resources 

b. Division of Economic and Community Affairs 

c. Department of Pish A Game 

d. University of Idaho 

e. Bureau of Mines and Geology 

2. Oregon 

a. Department of Land Conservation and Development 

b. Oregon State University 
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c. Department of Fish A Wildlife 

d. Deschutes County 

e. Department of Ervironmental Quality 

f. Department of Water Resources 
3. Washington 

a. City of Tacoma 

b. Spokane County 

c. Department of Game 

d. University of Washington 

e* Washington State University 

f. Department of Ecology 

g. Planning and Community Affairs 

h. Department of Revenue 

i. Department of Natural Resources 

j. Western Washington University 
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LACIE AND AgRISTARS 
B. H. Moore 

Lockheed Engineering and Management Services Company, Inc. 

Houston, Texas 


The USDA has been actively engaged In developing and using remote sensing 
In support of major departmental missions since the 1940 's. Until the 
past decade, remote sensing efforts primarily Involved the use of aerial 
cameras mounted In fixed-wing aircraft to obtain photographs of the 
country's land area. In July 1972, the first Earth Resources Technology 
Satellite (ERTS), now called Landsat 1, was successfully orbited. Since 
then, it has been demonstrated that digital products as well as image products 
derived from the data collected by the Multi spectral Scanner (MSS) on 
Landsat, combined with appropriate analysis techniques, can provide useful 
Information to those engaged in monitoring and planning the development 
and conservation of the Earth's resources. 

In 1974, NASA, NOAA, and USDA began the Large Area Crop Inventory Experiment 
(LACIE) to research, develop, apply, and test a technology which was designed 
to estimate wheat production worldwide, with a goal of achieving improved 
accuracy and timeliness over current global estimates. Wheat area estimates 
were based on analysis of Landsat data, and weather effects models were used 
to estimate wheat yield. LACIE, completed In 1978, demonstrated that 
this technology met the established goal (90 percent accuracy with a 90 
percent confidence level at harvest) in the U.S. Great Plains and the 
USSR for two consecutive years. In addition, the LACIE results indicated 
that technology improvements are needed in certain other important wheat 
growing regions, primarily where field size is close to present satellite 
resolution limits and where spring wheat is di'fficult to separate from 
other small grains such as spring barley. 

Following several years of a small-scale research effort, the Statistical 
Reporting Service (now part of the Economics, Statistics, and Cooperatives 
Service of USDA) completed an experiment in 1977 for using Landsat digital 
data to improve crop acreage estimates for all major spring-planted crops 
in Illinois. This experiment, using full frame classification combined 
with ground data collected from a probability sample, demonstrated the 
usefulness of remote sensing data for estimating domestic crop acreages 
and for supporting land use estimation activities. 

The encouraging results of the above-mentioned two experiments (LACIE and 
Illinois Crop Acreage Experiment) have led goverrmient planners to support 
additional exploration of the possibilities for extending applications 
of remote sensing to other domestic uses, as well as to additional crops 
in other countries. 
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In 1978, the Secretary of USDA proposed a cooperative effort to carry out 
a mutually beneficial earth resources-related aerospace research, development, 
and testing program.* Seven information requirements were identified. 

1. Early warning of change affecting production and quality of 
comnodities and renewable resources; 

2. commodity production forecasts; 

3. land use classification and measurement; 

4. renewable resources inventory and assessment; 

5. land productivity estimates; 

6. conservation practices assessment; and, 

7. pollution detection and impact evaluation. 

(While all seven are important to the USDA, the first two - early warning 
and commodity production forecasting - have been given emphasis because of 
the immediate need for better and more timely information on crop conditions 
and expected production.) 

In response to the USDA Secretary's Initiative, the AgRISTARS (Agriculture 
and Resources Inventory Surveys Through Aerospace Remote Sensing) Program 
was established. AgRISTARS is a six-year program of research, development, 
evaluation, and application of aerospace remote sensing for agricultural 
resources beginning in Fiscal Year (FY) 1980. The program is a cooperative 
effort of the USDA, NASA, USDC, USDI, and AID. 

The goal of the program is to determine the usefulness, cost, and extent 
to which aerospace remote sensing data can be integrated into existing or 
future USDA systems to improve the objectivity, reliability, timeliness, 
and adequacy of information required to carry out USDA missions. The 
overall approach is comp>^ised of a balanced program of remote sensing 
research, development, and testing which addresses domestic resource 
management, as well as commodity production information needs. 

The Technical Program is structured into eight major projects as follow: 

1. Early Warning/Crop Condition Assessment (EW/CCA); 

2, Foreign Commodity Production Forecasting (FCPF); 


*Joint Program of Research and Development of Users of Aerospace Technology 
for Agricultural Programs, February 1978. 
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3. Yield Model Development (YMD); 

4. Supporting Research (SR); 

5. Soil Moisture (SM); 

6. Domestic Crops and Land Cover (DC/LC); 

7. Renewable Resources Inventory (RRI); and, 

8. Conservation and Pollution (C/P). 

These elements are interrelated through research, exploratory experiments, 
pilot experiments, USDA user evaluations, and large-scale application 
tests. 

The EW/CCA research effort is designed to develop and test the basic 
techniques required to support the operational Crop Condition Assessment 
Division (CCAD) of the Foreign Agricultural Service in USDA. The 
EW/CCA addresses 20 crop/region combinations in the U.S. and seven 
foreign countries (USSR, Argentina, Brazil, Canada, People's Republic 
of China, Mexico, and Australia) for six major commodities (wheat, 
barley, corn, soybeans, rice, and cotton).* It is assumed that the 
techniques utilized for early warning are largely crop dependent and 
country independent. 

The Foreign Commodity Production Forecasting (FCPF) activity addresses 
12 crop/region combinations in the U.S. and six foreign countries (USSR, 
India, Argentina, Brazil, Canada, and Australia) for five major commodities 
(wheat, barley, corn, soybeans, and rice). This project will develop 
and test procedures for using aerospace remote sensing technology to 
provide more objective, timely, and reliable crop production forecasts 
several times du»*ing the growing season and improved preharvest estimates 
for the crop/regions of interest. The FCPF activity builds upon the 
existing remote sensing technology base and extends this technology to 
additional crops and regions. Large Scale Applications Testing (LSAT) 
of candidate technology for making estimates or production in foreign 
countries will be conducted by USDA. 

The Yield Model Development (YMD) will support USDA crop production 
forecasting and estimation by (1) testing, evaluating and selecting 
crop yield models for application testing; (2) identifying areas of 
feasible research for improvement of model usefulness; and (3) conducting 
research to modify existing models and to develop new crop yield assessment 
methods. 


*These crops and regions may change in response to USDA information needs. 
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The Supporting Research (SR) project covers research, development, and 
testing of new and/or improved remote sensing technology. Research will 
be conducted in the following areas, as related to applications of remote 
sensing technology: area estimation, crop development stage estimation, 
spectral crop appearance in yield estimation, crop stress, and soils. 

Soil Moisture (SM) research is directed toward development of the 
measurement of soil moisture (in-situ and remotely) for potential use 
in other applications, such as early warning uses, crop yield estimation, 
watershed runoff, and vegetative stress assessments. 

Domestic Crops and Land Cover (DC/LC) objectives are directed at automatic 
classification and estimation of land cover with emphasis on major crops. 
Landsat and advanced sensor data will be used in conjunction with ground 
data to improve the precision of estimation and classification procedures 
at the substate level and to investigate change monitoring techniques. 

The Renewable Resources Inventory (RRI) Project involves requirements 
in seven major problem areas: Regional and Large Area Inventories; 

Current Technology Assessment; New Technology Development; Detection, 
Classification and Measurement of Disturbances; Classification, Modeling 
and Measurement of Renev;^‘le Resources; Determination of Site Suitability 
and Land Management Planning; and Analytical and Cartographic Support 
to the Resource Information Display System. 

The Conservation Assessment portion of the Conservation and Pollution 
(C/P) Project addresses applications in three areas: inventory of 

conservation practices; estimation of water runoff using hydrologic 
models; and determination of physical characteristics of snowpacks.' 

The Pollution portion of the C/P Project will provide an assessment of 
conservation practices '»irough use of remote sensing techniques to 
quantitatively assess sediment runoff, to detect gaseous and particulate 
air pollutants, and to assess their impacts on agricultural and forestry 
resources. 

Availability of Thematic Mapper (TM) data from the Landsat D series of 
satellites may cause the original AgRISTARS schedule to be modified. 
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ABSTRACT 


The theory supporting the use of vegetation indices derived from Landsat 
data for the direct measurement of biomass is briefly reviewed. The use of 
multispectral data to measure biomass is a natural and viable application since 
the photosynthetic production of biomass gives vegetation its unique spectral 
properties. Vegetation indices also perform a normalization function which tends 
to make them insensitive to atmospheric and soil color variations. Optical and 
digital Landsat products are discussed relative to the use of vegetation indices 
to monitor drought impact. Based on results obtained in Colorado, operational 
use of Landsat to monitor drought is cost effective, practical and ready for 
implementation today. The direct measurement of biomass energy resources may 
also benefit from Landsat technology. Measurement of total biomass and ainual 
primary production may be feasible. Identification of that component of biomass 
resources available for energy use will require other sources of information, 
however. 


BACKGROUND 


Some of the most widespread and universal problems facing the people of this 
earth have to do with the condition and availability of the vegetation covering 
the surface. Food, fiber and fuel are provided by the vegetation, as well as 
products for constructing shelters. Vegetation is also vital for the maintenance 
of a habitable environment since it has a dominant effect on the oxygen and car- 
bon dioxide in our environment. Natural disasters have always been a factor in 
man’s survival, especially the famines which accompany drought. Such problems 
are compounded today by overpopulation of the planet which has placed many 
regions on the edge of disaster, where even a small perturbation below expected 
food production can result in starvation. Furthermore, with our declining fossil 
fuel reserves, we can foresee the time when tf availability of energy could 
become a more general survival factor. This coni ‘n has resulted in an increase 
in the use of wood for fuel, which in some reg:.^ s of the world has resulted in 
extensive deforestation. 

The measurement of standing crop biomass (the quantity of vegetative biomass 
in place at a given point in time) and the annual production of biomass has 
therefore taken on worldwide importance. Because of the global nature of the 
problem, satellite remote sensing is an obvious candidate for the measurement 
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system. The current Landsat system has the potential for such global monitoring, 
using vegetation Indices derived from the multlspectral scanner data. 

The theoretical basis for biomass measurement Is briefly reviewed and sev-* 
eral vegetation Indices are compared. Two topical applications, drought monitor- 
ing and biomass energy resource assessment, are used to Illustrate the potential 
value of biomass measurement from satellite remote sensing systems. Many other 
related applications such as monitoring of desertification and deforestation will 
also benefit from this space-age technology, but none are of more universal 
concern than drought and energy. 


DIRKCT VS INDIRECT IBfOTE MEASUREMENT 

Remote sensing could be used to measure or estimate the quantity of standing 
crop biomass using direct or Indirect methods. The indirect method would use 
remote sensing to identify and nap the characteristics of the vegetation covering 
the earth’s surface. These characteristics would then be used to compute biomass 
values. For Instance, in forested regions the indirect method employs regression 
equations which relate biomass to species type, size and density. Direct mea- 
surement of biomass using remote sensing refers to methods which extract biomass 
values directly from spectro radiance measurements. The direct method employs 
regression equations which relate biomass to radiance values. Up to the present 
time, the direct measurement of biomass using remote sensing has been applied 
primarily to the assessment of rangeland and cropland condition. There is a con- 
siderable volume of literature which addresses the measurement of standing crop 
biomass using remotely sensed vegetation indices (combinations of radiance values 
from selected spectral bands). Some of the more available references include 
Jordan (1969); Maxwell (1976); Pearson, Tucker & Miller (1976); Thompson (1979); 
and Tucker (1979), A recent report by Maxwell et al., (1980) considered the use 
of Landsat to monitor drought impact. Key results of that research project are 
briefly summarized in the application sections of this paper. 


VEGETATION INDICES 


By definition, a vegetation index should be a variable which is determin- 
isticallv related to the vegetation characteristic or characteristics of inter- 
est. In this instance, our concern and the concern of others is the measurement 
of standing crop biomass and/or the measurement of biomass production. 


EM INTERACTIONS WITH VEGETATION 

The density variations observed in a photograph or the variations in the 
digital numbers recorded by Landsat result from the varying interactions which 
take place between surface materials and the incident electromagnetic (£M) 
energy. The use of remote sensing methods to measure vegetation characteris- 
tics is unique because the measurement of the reflected energy from vegetation is 
directly related to the biological functioning of that vegetation. This is one 
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of the few Instances in which the extraction of Information from remotely sensed 
data is not dependent on some secondary or tertiary relationship. 

The interactive mechanisms of a green leaf can be explained with reference 
to the leaf cross section shown In Fig. 1 (after Salisbury and Parke, 1970). The 
light entering the leaf passes through the epidermal cells Into the palisade 
region where most of the chlorophyll content of the leaf exists. The allowed 
energy states of the chlorophyll results In strong absorption in the red and blue 
wavelengths. Light which Is not absorbed will reach the spongy parenchyma sec- 
tion of the leaf which Is characterized by Irregular cells separated by air 
spaces or voids partially filled with water. The different refractive indices of 
the water and cellulose results In refraction and reflection of the light rays 
passing through the leaf. This causes a considerable increase In Che effective 
path length of the light rays, thereby increasing the probability that the light 
will be absorbed. For near IR wavelengths (not absorbed by the leaf pigments) 
the multiple reflections within the leaf increases the probability that the rays 
will ultimately exit from the top of the leaf as reflected energy. These phenom- 
ena result In spectroreflectance characteristics for green vegetation such as 
that shown in Fig. 2. The strong pigment absorption processes result In very low 
reflectance in the visible portion of the spectrum, whereas near IR wavelengths 
exhibit very strong reflectance. The reflectance characteristics of a typical 
soil (brown silty loam) is shown in Fig. 2 for comparison. 


Position In Spet.tral Space 

From Fig. 2 one notes that as the vegetation covering the soil increases 
from 0 to lOOZ canopy cover the reflectance in the visible part of the spectrum 
will decrease whereas the reflectance in the near IR will Increase. Therefore, 
in agricultural or heavily vegetated areas a pattern of reflectances for individ- 
ual fields such as that shown in Fig. 3 Is often observed. These data were 
obtained from the Landsat multispectral scanner (MSS) system. Band 5 is in the 
red portion of the spectrum between 600 and 700 nanometers and band 7 Is in the 
near Infrared region between 800 and 1100 nanometers. The Individual ellipses 
shown on this figure represent the distribution of the radiance characteristics 
of individual fields or locations, i.e., they represent the spectral space occu- 
pied by a particular field or location. Fields which contain no green vegetative 
cover will be found to lie along the soil brightness line in this spectral space 
plot. During the growing season, as the vegetative cover of the field increases, 
the field position in spectral space will move up along the greenness curve. The 
exact path followed will be determined in part by the spectral characteristics of 
the soil. The soils in northeastern Colorado, where these data were obtained, 
ranged from dark brown loams to light sandy loams. The reflectance of a lake In 
this region is also shown. 

The use of multispectral data to identify or classify vegetation types is 
inherently ambiguous because of their movement in spectral space during the grow- 
ing season and during their life cycle. However, this movement within spectral 
space which tends to thwart the use of multispectral data for vegetation classi- 
fication is directly relatable to biomass production and the quantity of vegeta- 
tion covering the underlying soil. This illustrates the statement previously 
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made that the measurement of the spectroref lectance characteristics of vegetation 
is directly related to the growth processes of the vegetation. We should note 
that the significance of the pattern shown in Fig. 3 was first recognized by 
Kauth and Thomas (1976) who dubbed it the tasseled cap (our stocking cap lost its 
tassel). 


Landsat Indices 

Some of the most common indices generated from Landsat bands are listed and 
defined in Table 1. The relative usefulness of these indices for measuring bio- 
mass is indicated by the F-values (ratios of variances) given in Table 2. Data 
sets from rangeland, crops, crops plus range and irrigated hay were used to eval- 
uate tho indices. Although the normalized difference index using bands 7 and 5 
has a considerably higher mean ranking than the other indices, the most signifi- 
cant observation is the similarity of the F-values. The variations in ranking 
for the different data sets may in part be an artifact of those sets as are 
T^'-value differences between sets. All in all one must conclude that any of these 
six Indices will provide a useful direct measurement of vegetative biomass, which 
is consistent with the results obtained by Tucker (1979). 


Harrow Band Indlcei i 

From the reflectance curves shown in Fig. 2, one might conclude that the use 
of almost any part of the infrared spectrum would be equally useful in forming a 
vegetation index. Remote sensing systems, however, do not measure reflectance. 
Rather, they measure the radiance from the scene which is a function of the irra- 
diance , surface reflectance, atmospheric transmittance, and atmospheric radiance 
variables. This functional relationship can be expressed in a form «imilar to 
that shown in Eq. (1), which also shows the functional dependence on wavelength, 
solar elevation angle and the observation or look angle: 
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surface radiance In the band from X ^ to X2, 

solar spectral irradiance at the top of the atmosphere, 

surface reflectance, 

downward atmospheric transmittance, 

upward atmospheric transmittance, 

atmospheric upward scattering coefficient, 

wavelength, 

solar elevation and, 

downward look angle from the aircraft or satellite. 


54 



The effect of the atmosphere on radiance measurements is observed in the narrow 
band radiance data from Ungar, et al. (1977), which are shown in Fig. A. Several 
major aosorption bands as well as many miner atmospheric scattering and absorp- 
tion phenomena are noted. The Landsat-D Thematic Mapper system has been designed 
with bands from 63C to 690 nanometers and 760 to 900 nanometers so as to avoid 
the oxygen and water absorption bands noted on Fig. 4. This should significantly 
improve the performsrc^ of vegetation Indices used for the direct measurement of 
biomass. Landsat-D is scheduled for launch in the 1983 timeframe. 


NOMALIZIHG EFFECTS OP INDICLS 

The vegetation indices defined in Table 1 are not only sensitive to biomass 
variations, but they rre also relatively insensitive to variations in soil back- 
ground reflectance and atmospheric absorption and scattering effects. In other 
v;ords, the ratios ^xX\d differences used in forming the indices tend to normalize 
radiance change s lacking spectral structure. For Instance, the raising or lower- 
ing of the soil curve in Fi5>. 2, such might result from soil moisture changes, 
will be normalized by ratloing any two bands. Complete normalization is not 
expected since most soil and atmospheric changes exhibit some spectral 
variations* 

Several bare fields having different soil color were used to evaluate the 
original Landsat bands and the vegetation indices as soil discriminators. The 
F-statistics for each of these variables when used to discriminate among the 
soil types are shown in Table 3. These statistics Indicate that Landsat bands 4 
and 7 are most sensitive to soil color variations, whereas the vegetation indices 
are relatively Insensitive. Data were not available to evaluate atmospheric nor- 
malization, but there is good reason to expect that such an effect exists* Fur- 
ther research on the normalizing effects of vegetation indices is underway at 
SERI and will be reported at a later date. 


DROUGHT APPLICATION 

A project directed at the development of methods for monitoring drought 
impact using Landsat data was undertaken with NASA sponsorship during 1978 and 
1979. Planning for this project was initiated during 1976 and 1977 because of 
the severe drought in Colorado and many other western st otes. Although the 
severity of the drought was recognized, there were only limited means for compar- 
ing the drought impact from one year to the next or one region to the next. 
Landsat was considered a potential source for such comparative information on 
the basis that the water deficiencies resulting from drought affect the earth’s 
vegetative cover, which could be monitored using vegetation indices derived from 
Landsat multlspectral data. 

The framework within which Landsat might function for monitoring drought 
impact was defined by the Colorado Department of Agriculture and the Colorado 
Drought Council as shown in Fig. 5. The potential for data inputs from Landsat 
are indicated by those parameters marked with a "bullet”. For this paper we will 
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limit consideration to the use of Landsat to monitor rangeland and cropland con- 
dition by the direct measurement of biomass* 


TBtPORAL AND GOST CONSIDERATIONS 

If, Landsat data are to be used as Indicators of drought severity, then the 
Images must be made available In a timely fashion at a reasonable cost for state 
agency use* In general, It will be necessary to make comparative measurements 
from year to year and two or three times during the growing season to obtain a 
reliable measurement of drought impact* These factors tend to magnify cost 
considerations. 

The need for several measurements during the growing season is indicated by 
the green-up and senescent cycle for rangeland in several Colorado counties 
during 1978 (see Fig. 6). One should note that during the spring the rangelands 
tend to green up at most locations, even under drought conditions. Certainly 
there would be differences in total biomass in one county versus another, but 
these differences exist in part as a natural consequence of different climate and 
soil conditions. Supporting evidence of drought impact is obtained, therefore, 
by monitoring the onset of senescence. For instancr, note that the upper curve 
for Conejos County was takeit from an irrigated pasture which was not suffering 
from drought. Compare this curve with those counties experiencing i.^ie most 
severe drought conditions (Albert, Huerfano, Phillips and Lincoln). ^.arimer 
County was in relatively good condition and the sites measured in El Paso County 
benefited from the 2.6-lnch rainfall noted on Fig. 6. It is also interesting to 
note that Routt County was experiencing drought conditions, but at the higher 
elevations of that mountainous county the senescent cycle develops at a later 
date. 


These temporal considerations pointed to the need for an Inexpensive product 
and process to be used for frequent monitoring of vegetative biomass for the 
entire state. It was recognized early on that this could most likely be accom- 
plished with black and white or color optical products generated from Landsat 
data. The optical products were photolnterpreted on a comparative basis to iden- 
tify those regions suffering the greatest Impact. Once critical areas were iden- 
tified, computer compatible tapes (CCT's) were used to provide a more precise and 
quantified measure of drought impact. 


OPTICAL VEGETATION INDEX (OVI) 

Initially it was assumed that false color composite prints for the Landsat 
data would be used to provide a statewide drought monitoring capability. After a 
great deal of research and evaluation, however, it was concluded that standard 
color products suffered from a lack of quality control and that contrast enhanced 
products of the quality required would be almost as expensive as the cost of per- 
forming a full computer analysis of the digital data. The use of color products 
was therefore rejected for this appllcatirn, where comparisons from one date to 
the next are required for drought assessment. 
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As an alternative optical product » an optical vegetation index (OVI) was gen- 
erated by forming a sandwich of a band 7 positive transparency and a band 5 nega- 
tive transparency. The photographic density of this product can be 
mathematically defined as: 


D - logCDNs/DNy) + C 


where 


DNj « Landsat digital number for band 5, 

DNy ■ Digital number for band 7, and 
C ■ Constant. 

An example of the OVI is shown in Fig. 7 where a comparison between band 7 and 
band 5 images can be made. Note for example, the difference in vegetation condi- 
tions in the San Luis Valley (west of the mountains) and the eastern plains. 
This difference is much more e\ldent on the OVI product than on either band 5 or 
7 and reflects the difference between an annual precipitation of 8 inches in that 
part of the San Luis Valley versus annual precipitation of 12 to 14 Inches east 
of the mountains. Note also the dark volcanic cones in the upper left-hand 
corner of each image. These cones are very sparsely vegetated and their dark 
appearance on both bands 5 and 7 results from the dark basaltic rocks of which 
they are comprised. The heavy vegetation in the Irrigated agricultural fields in 
the San Luis Valley and in the bottom of the drainages from the mountains is 
indicated by the dark tone on the OVI product. 

Although these initial results for the OVI product were very encouraging, 
subsequent analysis has shown that variations in the density of the standard 
black and white products produced by the EROS Data Center can produce a false 
indication of changes in vegetation condition. Therefore, caution must be exer- 
cised when using these products. In many instances such problems can be identi- 
fied by examining locations of known land cover conditions, such as irrigated 
croplands, barren lands, and lakes and reservoirs. 

The direct generation of OVI products using computer- gene rated digital index 
values and a film writer would eliminate most of the quality control problems and 
at the same time produce an inexpensive product for use in surveying large 
areas. A recommendation to provide such a product has been submitted to the EROS 
Data Center* 


DIGITAL INDEX QO.IBRATION 

Biomass values from ground measurements were needed in order to calibrate 
the vegetation index values derived from Landsat. Volunteer field personnel from 
the state extension service, the Colorado State Forest Service and the Colorado 
Agricultural Experiment Station were used to record vegetation data throughout 
Colorado during the summer of 1978. The field data obtained were used to estab- 
lish graphical relationships between vegetation indices and biomass as shown in 
Fig. 8 for the normalized difference index. The difference between the row crops 
and rangeland data is probably related to plant structure. The initial growth of 
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row crops does not produce louch canopy cover. Therefore, even though this pre- 
dominantly vertical growth produces a significant quantity of biomass in the 
fields, the field reflectance is still dominated by the soil. 

Ultimately, when the leaf area index becomes so high that all of the Inci- 
dent light is either absorbed or reflected from the vegetation canopy, the vegeta- 
tion index will no longer be sensitive to changes in biomass. It is likely the 
rangeland data will asymptote around 10,000 kilograms per hectare. The asymptote 
for row crops will occur at a much higher biomass. It is important to recognize 
that once these asymptotic values are reached, or once maximum growth of any 
given vegetation type has been achieved, further variations in vegetation index 
values will be related only to changes in crop vigor. This also serves to remind 
us that the vegetation indices will always be a function of both biomass and 
vegetation vigor. 

The assessment of drought impact was to be based primarily on an evaluation 
of change from one date to the rext at the same location. Therefore, a decision 
was made to establish the “universal" nouasymptotic vegetation index/biomass 
relationship of Fig. 8, spanning the rangeland and row crop data. The dashed 
lines were visually fit around the mean so as to encompass 90Z of the data points 
(excluding the row crop data below 10,000 kilograms per hectare). These lines 
were used to bracket nonoverlapping biomacs ranges. These results seem to indi- 
cate that 2 to 1 changes in biomass can be accurately monitored. 


Analytical Procedure 

A regressii.li equation could have been fit to the greater portion of the 
curve Fig, 8 such that a biomass value could be computed for each p^xel. How- 
ever, a simpler analytical technique making use of the entire curve was 
selected* The index values for each of the biomass ranges were used in connec- 
tion with a level slicing or graymapping routine. This procedure is very inex- 
pensive and produces biomass maps as well as statistical summaries (by summing 
the number of pixels falling vithin each of the biomass ranges). 


Typical Results 

Figure 9 compares the results obtained using the graymapping procedure for 
1973 (a wet year) and 1976 (a drought year) for a portion of the Earl quadrangle 
in southcentral Colorado. The effect of the drought on the rangeland and irri- 
gated hay fields of this region is aoparent. A more quantitative evaluation of 
the drought impact is available from the biomass totals for 1973, 1976 and 1978 
which are given in Table 4. The accuracy of these total biomass numbers was not 
evaluated. Since a universal ve,etation index curve was being used for a variety 
of vegetation types, it is not to be expected that the absolute accuracy was 
especially good. However, since the image dates in each of the three years cor- 
responded to the same point In the growing season, the relative magnitude of 
change for each of these three regions should be valid. 
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nsicT hpmcknms 


With the supply and cost of fossil fuels becoming a greater concern for the 
entire world, there Is a growing Interest In the use of biomass as a renewable 
energy resource. The Inventory of biomass resources, therefore, has taken on new 
dimensions which suggest a reassessment of inventory objectives and methods. 

Current land cover classlf icatlo-^ schemes use cover type for the first 
levels of classification. For example, the first level may establish such broad 
classes as forest, rangeland, shrubland, etc. The second level separates forest 
Into coniferous, deciduous and mixed, and the third level establishes species or 
ecosystem types such as ponderosa pine, lodgepole pine, spruce-fir, et al. Fur- 
ther characterization of the forest often takes the form of statistics on stand 
density, species mix and tree heights and diameters. From these statistics and 
accompanying area estimates, the volume of merchantable timber is calculated. 
These same statistics could and probably will be used to estimate total biomass 
(the Forest Service initiated efforts to do so nationwide in 1980). 

Howver, for energy assessment purposes one can conceive of an inventory 
system %ihich measures total vegetation biomass as the first level of informa- 
tion. Higher levels would then subdivide the biomass into use categories (lum- 
ber, poles, plywood, energy, et al.) and ultimately energy content categories 
could be established. This leads to the interesting concept of using remote 
sensing for the direct measurement of total vegetative biomass, thereby estab- 
lishing - .e first level of information. This will be explored relative to forest 
resources. At the present tine we have no operational experience in using remote 
sensing in this way* Thus, we can only suggest possible procedures and potential 
problems, based on research results. 


FOREST BICMASS RESOURCES 

Direct measurement of forest biomass energy resources presents more diffi- 
cult problems than crop residues* Vegetation indices are responsive primarily to 
the foliage of the tree, not the branches or stem. Hence, direct biomass mea- 
surements would actually measure only the smallest component of the total tree 

biomass (see Table 5 from Saucier, 1979). Also note that the proportion of total 
tree biomass represented by the foliage will be a function of stand structure, 
tree size and species. Hence, unless stand, species and size data were avail- 
able, the measurement of foliage biomass could not be used to estimate total bio- 
mass. To f*jrther complicate the problem, the biomass of the merchantable s*^em 

must be siPtracted from the total, since It will be used for higher value prod- 
ucts such as saw timber, poles plywood, etc. Furthermore, the proportion of 

the tctal biomass represented by the merchantable stem can vary from as little as 
40% to as * jch as 90%. This is a function of the species, size, location and 
Intended use. The branching habits of hardwoods are particularly significant in 
this regard. Species exhibiting decurrent brauv^hing (lateral branches grow as 

rapidly as the stem) do not have a large stem. Clark (1978) has found that on 

the average only 48% of a 40.6 cm Chiercus rubra (red oak) is harvested. In gen- 
eral, the proportion of the total biomass which will be available for energy use 

is highly variable. 
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In addition to slash left in the field after harvesting, the thinning of 
stands (especially hardwoods) to improve forest productivity is considered a 
prime source of fuel wood. One should also consider the removal of dead and dis- 
eased trees and trees downed by wind or snow. The complex nature of fuel wood 
availability obviously requires more than a measurement of total biomass to 
effectively characterize this resource. 

Nevertheless, sapping of total biomass %rithin forest boundaries will provide 
information not available today. Futhermore, the usefulness of sample plot data 
collected by the Forest Service might be extended such that estimates could be 
made on a county cr regional basis. Forest Service sampling techniques for 
state or national inventories are designed to provide accurate data for statis- 
tical summaries. They ^tce not meant to provide data for managing a specific 
forest or stand or for delineating the spatial distribution of the forests within 
the state. Landsat data and aerial photography may be of special value for map- 
ping the location of total forest biomass. 

The use of Landsat to update hiomass inventories also appears premising. It 
is a reasonable hypothesis that vegetation indices are most closely related to 
the rate of primary production of biomass at the time of measurement. And of 
course, the rate of production must be strongly correlated to the in-place green 
biomass wherein t^.e photosynthesis process takes place. Given this hypothesis, 
it is reasonable to assume that vegetation index data from Landsat, combined with 
an appropriate growth model and weather data, could be used to estimate annual 
changes in biomass. In other words, once a reasonably accurate inventory of 
forest biomass resources exists for a region, Landsat might become a device to 
monitor change. Landsat could provide an annual update of value to all users of 
the forest products. 

It is apparent that we are not ready to initiate ooerational use of Landsat 
for direct measurement of forest biomass resources. Much research and 
development remains to be done. 


SDMCARf AND CMCUaSliMS 


The direct measurement of green biomass is one of the roost natural applica- 
tions of nniltispectral remote sensing systems such as Landsat. Optical ve^,' ca- 
tion index products can be useo to monitor large areas at low cost. Computer 
processing of the digital data, although more costly, will provide a quentitative 
assessment of biomass conditions. Due consideration roust be given to the move- 
ment of vegetation through spectral space, during the growing season and during 
the life cycle of the plant, if accurate information on biomass quantity and 
condition is to be obtained. 

Monitoring of drought impact and measurement of total biomass resources 
appear to be feasible applications of this technology. Use i.i forested areas 
requires some basic research to address the problem of relating foliage biomass 
to total biomass. Nevertheless, Landsat used in concert with other sources of 
information could greatly improve our knowledge of biomass as a renewable energy 
resource. 
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Table 1. SELECTED VBGETATiaN INDICES 


Symbol 


Name 

Computatlor 



7/5 


7/5 Ratio 


(DN 7 /DN 5 ) X 30 





ND 


Normalized 

Difference 

[((DNy - DN 5 )/(DNy 


DN 5 )) 


1] X 125 

RND 


Root Norm. 

Diff. 

[((DNy - DN 5 >/(DN 7 

+ 

DN 5 )) 

+ 

ir2x 30 

6/5 


6/5 Ratio 


(DNg/DNj) X 30 





ND -6 


Normalized 

Diff .-6 

[((DNg - DN 5 )/(DNg 

-1- 

ONj)) 

+ 

11 X 125 

RND -6 


Root Norm. 

Ditf .-6 

I((DNg - DN 5 >/(DNg 

+ 

DN 5 )) 

+ 

1 // 2 X 30 

Notes: 

( 1 ) 

DN stands 

for the digital 

number recorded by Landsat. 




( 2 ) 

Band 5 

600—700 nm; Band 6 700-800 nm; 







Band 7 

800-1100 nm. 







Table 2. 

OMPARISON 
FOUR DATA 

OF INITIAL F-VALDES FOR THE VEGETATION INDICES 
SETS (RANKS) FOR EACH SET) 

FOR 


F-Values 

F-Values 

F-Values 

F-Valnes 

Mean 

Index 

Rangeland 

Crops 

Crops & Range 

Irrig. Hay 

Rank 

7/5 

614 (2) 

1272 (5) 

1930 (4) 

220 ( 6 ) 

4.25 

ND 

627 (1) 

2314 (1) 

1961 (3) 

495 (2) 

1.75 

RND 

540 (4) 

1877 (3) 

1998 (2) 

368 (4) 

3.25 

ND -6 

525 (5) 

1769 (4) 

1807 (5) 

385 (3) 

4.25 

RND -6 

606 (3) 

2026 ( 2 ) 

1699 ( 6 ) 

554 (1) 

3.00 

6/5 

517 ( 6 ) 

1238 ( 6 ) 

2036 (1) 

204 (5) 

4.50 
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Table 3. All F-STATISTIC EVALOATION OF THE 

SENSITIVITY OF THE ORIGINAL LANDSAT 
BANDS AND THE VEGETATION INDICES TO 
VARIATIONS IN SOIL GM:.0R 


Variable 

F-statistic 

band 4 

291.0 

band 7 

136.0 

RND 

15.6 

RND-6 

15.6 

band 5 

14.0 

ND 

13.9 

7/5 ratio 

13.5 

6/5 ratio 

9.4 

ND-6 

9.2 

band 6 

7.0 


Table 4. BSTIHATES OP BIOMASS, USING THE ND 
INDEX, FOR PORTIONS OF THREE QUAD- 
RANGIaES IN OOLORADO 


(All Values are in Kilograms) 


Year 

Earl® 

Julesburg^ 

Weston^ 

1973 

57,100,000 

6,340,000 

4,480,000 

1976 

16,500,000 

1,720,000 

2,520,000 

1978 

43,500,000 

5,910,000 

6,610,000 

®5,420 

hectares of 

rangeland and 

irrigated 


hay. 

^1,960 hectares of rangeland. 

^1,020 hectares of mountain shrubland. 
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Table 5. OMPamOIT OISTRItDTION CP OOMPUTB TREE ABOVE 
GRODIID FOR OOMERdAL SIZED SQDTHEIM PINES 
CROWING IN NATURAL STANDS 


D. b.h. 

(cm) 

Compl >te Tree 
Above-Ground 
Dry Weight 
(kg) 

Proportion of Conplete 
Above Ground 
(%) 

Tree 

Stem 

Branches Foliage 

15.2 

83 

75 

20 

5 

20.3 

175 

78 

17 

5 

25.4 

319 

81 

15 

4 

30.5 

497 

82 

14 

4 

35.6 

729 

83 

13 

4 

40.6 

1,022 

84 

12 

4 

45.7 

1,382 

85 

12 

3 

50.8 

1,817 

87 

10 

3 
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Figure 1. Typical Cross Section of a Leaf Indicating Internal Structure 



Wavelength (nanometers) 

Figure 2. Typical Spectroreflectance Characteristics of Green Vegetation 
and Brovm Silty Loam Soil. Note the chlorophyll absorption bands in the 
blue (400 - 500 nm) and red (600 - 700 run) portions of the spectrum. 
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SOIL-BRIGHTHESS LINE 



3* Spectral Clustering of Ground Cover ii 
Quadrangle on y\ugust 16, 1978, See text 
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Wavelength (nanometers) 


Figure 4. Spectral Radiance Characteristics of Sugar Beet Field 
in the Imperial Valley, California on May 15, 1975. (From Ungar, 
et al, 1977, annotations added.) 
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Figure 5. Drought Assessment Framework Prepared by the Colorado Department of Agriculture and 

the Colorado Drought Council - 1977. 
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Figure ?♦ Positive Print from Landsat B. 
Troa a Sandwich of a Band 7 Positive and 
southcentral Colorado on August 6, 1978. 




GREEN BIOMASS in kg/ ho 
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Figure 8. Green Biomass Versus the Normalized Difference (ND) Index, Data 
are from numerous fields in eastern Colorado and several image dates in 1973 
and 1978. This composite ''universal" curve ignores known differences of 
vegetation types. This will limit the absolute accuracy of biomass measure- 
ments . 
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REMOTE SENSING FOR FOREST APPLICATIONS 

IN NEW YORK: TWO CASE STUDIES* 

John A. Stanturf, Warren R. Philipson, 
Lisa K. Balliett, and Karen L. Jahn 
Cornell University 


ABSTRACT 


Under- utilized forest resources in the Northeast can supply 
fiber to new markets. Information on forest resources, however, is 
often too aggregated to estimate available woody material with suf- 
ficient detail for pleuining specific projects. Over the past year, 
staff of Cornell University's Remote Sensing Program, under a grant 
from NASA, assisted New York State agency personnel by assessing 
available woody material for two potential development projects, a 
wood-fired power plant and a particle board manufacturing plant. 
These feasibility studies are reviewed, illustrating how informa- 
tion derived from high-altitude aircraft photographs, Landsat image- 
ry, and available supporting dat.^ were integrated to arrive at es- 
timates of woody material. 

INTRODUCTION 


Cornell University’s Remote Sensing Program is fxinded primar- 
ily by a grant from the National Aeronautics and Space Administra- 
tion to the School of Civil and Environmental Engineering. Since 
the Program's inception in 1972, its staff has endeavored to 
strengthen instruction and perform research in remote sensing, 
building upon Cornell's thirty years of experience in aerial photo- 
graphic studies. A primary activity of the Program is applied re- 
search. User-oriented projects are conducted at no charge to the 
user if the project involves a unique action- or benefit-producing 
application of aircraft or satellite remote sensing in New York or 
the Northeast. 

Und^r- utilized forest resources in the Northeast, including 
New York, where annual growth exceeds annual removal, can supply 
fiber to new markets without adversely affecting conventional tim- 
ber markets. Over the past year. Program staff assisted New York 
State agency personnel with assessments of woody .aaterial for two 
projects, a wood-fired power pleint in the Adirondack region and a 
particle board plant in the Southern Tier region. These projects 
are reviewed in this paper, illustrating how Progreim st?.ff used 
remotely sensed euid other data to meet the information needs of 
the users. 


* The work described in this paper was supported by NASA Grant 
NGL 33-010-171. 
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STUDY 1. WOOD-FIRED POWER PLANT 


Uncertainty in petroleum cost and supply has prompted interest 
in alternative energy sources such as wood. In New York, the State 
Energy Office is considering the development of a ten-megawatt (MW) 
wood-fired power plant in the Adirondack region (Figure 1) . One 
primary consideration is the availability of sufficient woody mate- 
rial. At the request of the State Energy Office, a study was under 
taken to assess the potentially available woody material within an 
economic haul distance of Tupper Lake, New York. 

PROBLEM AND APPROACH TO SOLUTION 

Available information on forest resources is aggregated and 
dated. The smallest unit for which data are reported is a county, 
and at the time of the study, the most recent piiblished inventory 
data were over ten years old. In order to estimate potential fuel- 
wood stocks, j was necessary to (1) classify land as to its poten- 
tial availeiiility , using existing reinota sensing aata and support- 
ing information; (2) identify, map, and measure area of forest cov- 
er types on the availcd>j.e land, i.s\ng remote sensing data; and (3) 
derive fuelwood estimates ir. each cover type, using published men- 
suration data. 

MATERIAL AND METHODS 

Sources of Information 


The available remotely sensed and supplemental data included 
several dates of high altitude, color infrared aerial photography, 
two Landsat color composite images, two land use maps of the Adi- 
rondack State Park, maps of industry-owned land, and 1:62, *500 
scale U.S. Geological Survey topographic maps (Table 1). 

The Forest Survey of New York (1) was the primary source of 
availcible mensuration data. Average volume data for eaci» county 
were calculated by forest type and used, along with an estimate of 
annual removals for the Northern Region. Est5.mates of gross an- 
nual growth, mortality, and cull percentage were obtained from a 
study of timber growth rates of natural stands in Ney York (2) . 

The weight of branch material from tree tops v’as al'^o estimated (3) 

Land Classification Process 


A land classification was established to exclude areas where 
whole-tree harvesting would be difficul because of legal or phys- 
ical limitations. Land was excluded if it was nonforested, ^tate- 
owned, wetland, or steeper than 15%. Industry-owned land was not 
excluded but assessed separately. Forest cover types were de.lin- 
eated as "dominantly coniferous," "dominantly deciduous," or "mixed 
coniferous-deciduous" on all potentially available inonexcluded) 
land, including that belonging to industry. 
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The base map consisted of several 1:62, 500-scale U.S. Geologi- 
cal Survey topographic maps. A circle of 30-kilometer (km) radius 
was drawn with the Village of Tupper Lake at the center. The 30-km 
radius was an arbitrary distance which was considered to be well 
within an economic haul distance. The total area within the circle 
was 282.600 hectares (ha). 

Aerial photographic interpretation of four land cover types — 
wetlands, water bodies, forest, and nonforest, was done on acetate 
using the high altitude, color infrared aerial photographs. Boun- 
daries were transferred to the base map using a Zoom Transfer Scope. 
Ownership maps were projected to the scale of the base map using an 
opaque projector, and boundaries were delineated on acetate. Slopes 
steeper than 15% were also traced onto sheets from the topographic 
base maps. Potentially available land was then determined by over- 
laying the different acetate sheets. Further interpretation of the 
aerial photographs and Landsat images allowed forest types to be 
separated .^nd their areas subsequently measured with a grid. 

Methodology of Fuelwood Estimation 

The present graving stock volume and annual growth of the for- 
est cover types was estimated by applying average per hectare val- 
ues to the land base for growing stock volume and annual removals 
from the Forest Survey (1), and with data from other studies (2,3). 
The ability of the availad>le wood resource to supply the power 
plant under different management schemes was then assessed, assum- 
ing average energy and moisture content. 

Weighted averages were used in estimating gross volume from 
the Forest Survey (1) data. The Forest Survey data are recorded 
for entire counties or the region, while the study area included 
portions of four counties, and the Forest Survey data are reported 
by forest types more specific than the three general classes inter- 
preted from the aerial photographs. 

RESULTS AND DISCUSSION 


Land Area .-Estimates 


Thirty-seven percent of the land within 30 kr of Tupper Lake, 
or approximately 1060 km^ , is forested land potentially availcible 
uo supply wood to a power plane. Analysis of high -altitude color 
infrared photographs and Landsat images found this area to be com- 
posed of 51% mixed, 39% deciduous, and 10% coniferous forests. 

Available Fuelwood Estimate 


The amount of fuelwood potentially available was estimated 
se^'eral ways. The most conservative estimate assumed the avail- 
eJaility of only "waste" wood — cull material and mortality. This 
was estimated to be 72,300 metric tens per year. Assuming suffi- 
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cient additional top and stuiap residue from saw log harvests, tnere 
would be sufficient fuelwood within 30 km of Tupper Lake to supply 
a 10-MW plant without disrupting conventional timber markets. De- 
tailed information on these estimates is available elsewhere (4). 

SlUDY 2. PARTICLE BOARD FACTORY 

PROBLEM AND APPROACH TO SOLUTION 

A particle board manufacturing firm is considering the develop 
inent of a new factory near Bath, N.Y. A primary factor affecting 
the feasibility is the supply of conifers and low-density hardwoods 
Available information on forest resources is aggregated (the small- 
est unit for which data are reported is a county) and dated (New 
York, 1970: Pennsylvania, 1965). 

At the request of a special consultant to the New York State 
Commerce Department, Program staff undertook a project to estimate 
land area supporting conifers. This was done through interpreta- 
tion of high a..titude, color infrared aerial photographs and Land- 
sat satellite images. The delineation of low-density hardwoods 
(e.g., red maple, aspen, and basswood) was not atteiqpted as this 
would have required larger scale data, more ground data, or both. 

MATERIALS AND METHODS 

Sources of Information 


A st-udy area was defined as a circle with a radius of 80 km 
around Bath, N.Y. (Figure 1). Several dates of NASA high altitude, 
color infrared aerial photographs (scale approximately 1:120,000) 
were vailable for the northern half of the study area (Table 2) . 
High altitude photographs were available for only a small portion 
of the southern half of the study area; however, several dates of 
Landsat images were on file. A winter and a summer Landsat scene 
were examined, and these not only covered the area of interest but 
overlapped the area imaged by the high- altitude photographs. 

Procedure 


Land areas in conifers were interpreted from the aerial photo- 
graphs using a zoom stereoscope and tracing directly onto acetate 
overlays. Areas were tallied using a grid. The overlap of the 
aerial photographs zmd landsat images was beneficial for develop- 
ing spectral keys for interpreting the Landsat images. 

For mapping conifers in the part of the study area covered 
only by Leuidsat, photographically enlarged positive transparencies 
of Landsat bands 5,6, and 7 were placed in a color additive viewer 
and registered to provide a composite image at a scale of approxi- 
mately 1:184,500. The color additive viewer allows blue, green, 
red, and white light to be shown through each of the transparencies 
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separately by the use of filters. The resulting false-color image 
displayed oa a viewing screen can be interpreted in a fashion simi- 
lar to the interpretation of the high-altitude photographs. Choice 
of colors « however, is arbitrary. The best discrimination of coni- 
fers was obtained with the winter scene lacking significeuit snow. 
When a green filter was used on band 5, blue on band 6, and red on 
band 7, conifers appeared as dark, reddish-purple. Acreage was 
tallied using a grid. 

RESULTS 

The total area in conifer stands within 80 km of Bath, N.Y., 
was approximately 71,250 ha. Thirty-eight percent, or 27,000 ha, 
are located in Pennsylvania. 

COMPARISON OF THE STUDIES 

The "user" in these studies, state agency personnel, had simi- 
lar information requirements: location-specific, up-to-date esti- 

mates of forest resources for less than entire counties. These 
needs could not be met by existing forest inventory information. 

In other ways, however, the information requirements were dissimi- 
lar, as were the available data. 

In the power plant study detailed information on the potential 
availability of forest steinds was needed. Specific constraints, 
such as land ownership and slope, had to be considered and required 
that supplemental information be utilized. Although growth and 
yield data from published sources were used to estimate the fuel- 
wood volumes, remote sensing methods could also have been applied 
if appropriate aerial volume keys were available. 

In the particle board study, the only information requirement 
concerned the presence of particular tree species, specifically, 
conifers and low-density hardwoods. Because of their spectral 
properties, it was relatively easy to separate conifers (as a 
class) from deciduous vegetation, even at the small scale of Land-^ 
sat. 


The two studies differed also in the d'^ta availcible. High al- 
titude aircraft photographs were available for almost the entire 
power plant study area but only for a portion of the particle board 
study area. Landsat data were available for both studies and were 
used to supplement the aircraft data on the power plant project but 
served as the primary data for the particle board study. 
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Table 1. Information Sources For the Power Plant Study 


D&te/Type/Source/Scale 

Land Cover 

Slope 

Ownership 

25 June 1979/Color Infrared 
Airphoto/NASA/ 1:118,000 

X 



20 May 1974/Color Infrared 
Airphoto/NASA/ 1:116,000 

X 



30 April 1973/Landsat Color 
Composite/NASA/ 1:1,000,000 

X 



8 January 1973/Landsat Color 
Composite/NASA/ 1:1,000,000 

X 



April 1979/Adirondack Park Map/ 
Adirondack Park Agency/ 1:175,000 



X 

September 1974/Adirondack Park 
State Lcmd Master Plein/Adirondack 
Park Agency/ 1:268,000 



X 

1975-1976/International Paper Co. 
Forest Survey Maps/International 
Paper Co./ 1:65,500 



X 

1953-1955/15 Minute Topographic 
Maps/US Geological Survey/ 1:62,500 

X 

X 


1966-1970/7 1/2 Minute Topographic 
Maps/US Geological Survey/ 1:24,000 

X 

X 
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Table 2. Information Sources For the Particle Board Plant Study 


Date/Ty pe/Source/S ca le 

Conifers 

Location 

18 August 1978/Color Infrared 
Airphoto/NASA/ 1:116,000 

X 


19 September 1973/Color Infrared 
Airphoto/NASA/ 1:130,000 

X 


25 October 19 7 3/Lands at B&W 
Positive Transparencies, Bands 
5,6 and 7/NASA/Photographically 
Enlarged to 1:184,500 

X 


1950/Army Map Service Topographic 
Maps/US Geological Survey/ 
1:250,000 


X 
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MAPPING FOREST TYPES IN WORCESTER COUNTY. MARYLAND. USING LANDSAT DATA 

James Burtls. Jr. and R. G. Witt 


ABSTRACT 


The Worcester County. Maryland Forest Mapping Study was a cooperative 
demonstration project conducted by the Eastern Regional Remote Sensing Ap- 
plications Center (ERRSAC). the Maryland Forest Service and Salisbury State 
College. The feasibility of mapping Level II forest cover types for a 
county-sized area on Maryland's Eastern Shore was demonstrated. A Level I 
land use/land cover classification was carried out for all of Worcester 
County as well. A June 1978 Landsat scene was utilized In a classification 
which employed two software packages on different computers (IDIMS on an 
HP 3000 and ASTEP-II on a Uni vac 1108). 

A twelve category classification scheme was devised for the study area. 
Resulting products Include black and white line printer maps, final color- 
coded classification maps, digitally enhanced color Imagery and tabulated 
acreage statistics for all land use and land cover types. 

INTRODUCTION AND BACKGROUND 


The application of satellite data to forestry mapping and' related 
management problems has been well documented In recent years. Historically, 
aerial photography has been the standard means of mapping and to some 
degree measuring forest resources. Satel}.ite data have Increasingly been 
employed In recent years to Inventory large areas on a repetitive basis. I 

Both public and private entitles have undertaken forest Inventories through 
digital processing of remotely sensed data. At least three states have 
conducted statewide surveys demonstrating the utility of Landsat data 
applied to forest resource mapping. 

After reviewing some of the great variety of inventory studies In 
the literature, the consensus among most authors is that digital Landsat 
data provide good mappings (80% to 90% accurate) of broad forest types or 
Level II categories In most cases. Some factors cited as favorable In use 
of Landsat data are: 

- availability of synoptic data for large areas 

- relative objectlvltv of computer classification vs. air 
photo Interpretation 

- the possibility of using multidate Imagery to Improve 
single classifications 
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DATA SOURCES 


A subset of one Landsat scene (June 11, 1978) was used in the digital 
processing and consisted of approximately llOO^ pixels after preprocessing. 
High altitude color Infrared photography from April 11, 1977 was used as 
one form of field information. A series of 1:24,000 topographic maps was 
also used for this purpose, as wall as for digitizing the county boundary 
and ground control points. Further data were collected during field visits 
and additional information relating to recently harvested sites was encoded 
on maps by the Maryland Forest Service. 

PROCEDURES 


This forest cover classification project was executed in large part 
using the software package ASTEP-II (Algorithm Simulation Test and Evaluation 
Program, version II) on the Univac 1108 computer at the University of 
Maryland and at Salisbury State College. Most of the preprocessing (geo- 
metric correction) and post-processing (generation of final products) were 
done using the Interactive Digital Image Manipulation System (IDIMS) on the 
Hewlett-Packard 3000 computer at ERRSAC. All of the essential classifica- 
tion work, however, was carried out with the ASTEP-II software at the 
University of Maryland. Thus, the project demonstrates the use of an 
existing in-place data processing system available to Maryland state person- 
nel. 

DATA PREPROCESSING 

The first step in preprocessing the digital data was to subset the 
county study area from the entire scene. 

Geometric correction involved picking similar pairs of ground control 
points on both the image and the topograpliic maps, and thus relating image 
points to UTM coordinates. This is done by running a r>eries of three pro- 
grams after picking all points: ALLCOORD, which accesses the map points 

from a GIS file and locates them on a UTM grid with specified cell size 
(50 m. sq.); TRNSFM, which generates transformation equations relating 
map points to image points up to a third order, and allows manipulation of the 
points input; and REGISTER, which ferfot.ns the actual Image-to-map registra- 
tion (rubber sheet stretch) according to the transformation equations. 

Following the registration process, a transfer tape containing the 
geo-corrected data was prepared (IDIMS function TRNSFR) and taken to the 
University of Maryland Computer Center, where the bulk of processing was 
done. 

DATA PROCESSING A ' INTERPRETATION 

Data processing was the most time-consuming stage because of the 


CRECEOING PACE BLANK NOT FILMED 


83 



puniber of steps involved and the Importance of developing correct signatures 
used to map (classify) all land use anH cover types. The iollowing discus- 
sion explains the classification process, including details of the programs 
used in each step. 

Selection of Intensive Study Areas/Windows 

Areas within Che subscene were selected for intensive study and copied 
from the transfer tape as disk files using DATDEF. At this point, substan- 
tive processing began. The program FACTOR was run on each window in order 
to obtain histograms of the data in each band. Once the histograms were 
examined and the data were divided into an appropriate number of classes, 
QUANTZ proved valuable both for locating intensive study areas and in 
developing initial statistics for the forest type categories. 

Signature Development and Extraction 

A number of methods were utilized to gain signatures for the final data 
classification* The simplest method was by adaptive clustering, an unsuper- 
vised classification routine* Examples of signatures developed are urban, 
extractive and shallow water though the urban signature underwent signifi- 
cant refinement* 

A second method used to develop signatures was by FACTORing the results 
from a QUANTZ run band 5 grayscale map, which revealed patterns relating to 
the coniferous, deciduous and mixed forest types. This method led to a set 
of means for the forest types. 

The third method used in extracting signatures was the polygon sequence 
of programs. This series of routines allows the user to derive training 
statistics from iu^vit polygons and to manipulate the polygons and the 
statistics which can be saved in separate files. This procedure was Msed 
to derive signatures such as bare fields, vegetated fields, and "ot^ 

It was also used to refine some of the signatures in the classlf icaticn. 

Once the set of represeiitative signatures had been derived, a super- 
vised classification DCLASS (minimum distance) was run for the intensive 
study areas. These were then evaluated, ^ield-checked and refined before 
proceeding on to a classification of the entire study area. 

Field Evaluation 


The primary day-to-day source for correlative data was the high alti- 
tude, color IR air photography from April 11, 1977 or approximately one 
year and two months before the Landsat image data* Information derived 
from field visits was the other main source of groimd truth data. The 
Maryland Forest Service county forester supplied a list of 44 timber sites 
with specific information on woodlot size, geuerai composition and when 
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(if) the sites had been cut over. This infomation vas added in the final 
stages of the classification to correct and refine certain signatures. 

Overall Classification 


The classification scheme includes twelve categories for the Worcester 
County study area. Three of these directly represent the forest land base 
within the study area. Coniferous forest cover is denoted as dark green. 
Deciduous and mixed forest covers are shown as light green and olive respec* 
tively. Vegetated fields are brown while bare fields are tan. Urban land 
and "other*' are red and dark gray in color while nonwooded wetlands show 
as yellow. Three categories of water have been combined into two» one of 
which is deep water shown as dark blue. Light blue represents shallow and 
medium depth waters. 

RESULTS 

FINAL STATISTICS 

Current published statistical data is normally used for comparison and 
in this project a recent publication entitled, "The Forest Resources of 
Maryland" 1980 (USDA Forest Service, Resource Bulletin-61) provides forest 
acreage figures by county. Worcester County forested acreage in this pub- 
lication is 160,600 acres with a plus/minus saiq>ling error of four percent. 
The results from this project when totaling the three forest categories in 
the classification show the forest acreage to be 175,000 acres. Several 
possibilities exist for the approximately 15,000 acre difference. Defini- 
tions are suspect, as well as basic sampling methodologies, and the dif- 
ference in date of samples. No reliable countywide data on the amounts of 
pine, hardwoods and mixed forest types exist, but additional verification 
should give some Indication of the accuracy of the acreage results obtained. 

FINAL PRODUCTS 

- Radiometrically enhanced and geometri :ally corrected false 
color images offering a view of the entire study area prior 
to and for use In the classification work. 

- Thematic maps in the form of mylar overlays for 1:24,000 
topographic quad maps, depicting all land cover and forest 
types. 

- Tabular data relating project statistics to the U.S. Forest 
Service figures on hardwood/softwood/mixed acreages and also 
documenting status changes having occurred in timber harvest 
areas as of the image 
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VERIFICATION 


The Maryland Forest Service will conduct systematic field evaluations 
of classification accuracy. This will entail utilizing thematic 
overlay maps at the topographic quad map scale of 1:24,000 which depict 
each of the categories in the classification. This representative sampling 
procedure will be carried out over the entire study area. Any discrepancies 
here %rill be investigated thoroughly to improve the classification for use 
in any follow-on projects. 

CONCLUSI(»IS 


It is apparent the project objectives have been met and the utility of 
the products will be most helpful in conducting forest resource planning 
and management functions at the county level. The validity of the data 
appears to be at acceptable levels, but final field verifications must be 
conducted as a proof. 

Utilizing the repetitive nature of LANDSAT data and the classification 
system developed in this project study the future utility is more than 
prcHnising. Monitoring fores', and land use/land cover changes over time at 
the county level with resulting products as described above is a high 
priority need for the Maryl;ind Forest Service. This cooperative demonstra- 
tion project with ERRSAC is a major step towards that end. 
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BXTEHDING THE UTILITY OF FOREST COVER MAPS 


Joseph K. Berry end Aeron Mansbech 
Tale University 

School of Forestry and Environnental Studies 


ABSTRACT 


A coaputer-assisted map analysis system is discussed that 
characterises timber supply in terms of standing timber; 
accessibility considering various harvesting factors; and 
availabilty as affected by ownership patterns of timberlands. 
Factors affecting harvesting include proximity to existing roads 
and consideration of terrain characteristics. Availabilty 
considerations include size of ownership, housing density and 
excluded areas. The model is demonstrated for a seventy square 
mile tract in western Massachusetts. 


IHTRODUCTIOH 


The demand for timber stumpage throughout the United States has 
been increasing in recent years. This increased demand has 
stimulated new technologies such as whole tree chipping and 
special chip recovery operations during milling. Significant 
growth in the pulp and particle board industries has occurred and 
the potential use of chips to generate base load electricity may 
cause the demand to accelerate over the next decade. 

The growing demand for wood chips necessitates the development 
of a new methodology for amassing roundwood supply. In the past, 
wood chip supplies have been dependent upon mill-oriented 
activities or self-sufficient pulping operations on large 
ownerships. Whole-tree chipping on diverse ownerships is the most 
likely source of additional supplies. Under these new demand 
conditions, it is important to identify sources of roundwood 
according to their spatial distribution throughout the supply 
area. One approrch, identified by Berry and Tomlin (1980), 
assesses forest cover, harvesting accessibility and ownership 
characteristics so that timber inventory, harvesting costs, and 
owners' willingness to sell stumpage are integrated into an 
overall supply schedule. This paper describes the structure of a 
computer--'r iented model for assessing stumpage availability based 
on this approach. The model spatially characterizes a supply 
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inventory of standing tiaber; 

acceaaibilitv considering various harvesting factors; and, 

ected by ownership of tiaber lands* 

The aodel is deaonstrated for a seventy square aile tract of 
land surrounding Petershaa, Massachusetts. More extensive 
evaluations and aodel refineaents are currently under way. 


FDIIDAMEIITAL COMSIDEtATIOMS 


Inforaation on the extent and location of tiaber resources 
serves as priaary input. This inforaation can be extracted froa 
several sources, such as existing forest cover type aaps, color- 
infrared aerial photography or Landsat satellite iaagery. 

Inventory inforaation alone, however, aay not yield accurate 
estiaates of actual supply as affected by physical considerations. 
Many forested areas, for exaaple, aay be too reaote froa existing 
access routes for effective harvesting. Soae areas aay have 
highly erodible soils or steep slopes that would likewise aake 
certain harvesting techniques inappropriate (Dykstra and Riggs, 
1977). Such areas aust be eliainated froa consideration or the 
estiaated supply will be too high. Social factors aust also be 
considered before an adequate estiaate can be aade. Soae 
extensively forested areas, such as park lands, aay be legally 
excluded froa harvesting. Of the reaaining potentially 
harvestable areas, ownership characteristics, such as parcel size 
and housing density, can be used to deteraine propensity of owners 
to sell stuapage (Binkley, 1979). 


SPATIAL DATA BASE 


Data encoding, analysis, and display capabilities for this 
study were provided through the use of software developed at Yale 
University as part of the Map Analysis Package (Tomlin, in 
preparation). Inforaation on the biological, physical and 
cultural features of a given geographic area is encoded to 
correspond with a grid cell data structure. Each grid cell is 
assigned a value which represents one member of a set of mutually 
exclusive categories (e.g., dry land, stream, pond, lake) (Tomlin 
and Berry, 1979). This process results in a series of computer- 
generated base maps, each depicting an individual characteristic 
with values displayed as unique symbols. 
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Inforaation used in this study is psrt of s genersl purpose 
date base being developed for the Harvard Forest vicinity. Each 
■ap represents 4St312 acres as 60 colunns and 116 rows (6.4 acres 
per cell). The base naps for the nodal include: vegetation cover 
types » elevation, roads, ownership parcels and existing najor 
structures . 


CARTOGRAPHIC MODEL 


Figure 1 is a flow chart of the supply nodel. It presents a 
logical sequence of Nap Analysis Pachage operations represented as 
arrows which transform naps that are represented as boxes. 

The node! consists of three major submodels: inventory, access, 
and availability. The "inventory submodel" for this study 
transforms a vegetation cover map into a nap of merchantable 
forested areas. The "access submodel" uses topographic slope and 
proximity to existing roads to develop a nap of the areas 
accessible for harvesting. A nap of topographic slope is 
generated from an encoded map of elevation. Areas of steep slope 
are recognized as adversely affecting harvestability . These 
slopes are considered by developing a map of weighted proximity to 
existing roads that treats steeply sloped areas as being "farther 
away . " 

The "availability submodel" considers ownership patterns in 
characterizing the propensity of owners to sell stumpage. The 
size of each parcel is determined from a map of ownerships and 
then ranked according to their overall acreage. Areas in large 
parcels are ranked as being "likely" to be available for 
harvesting. Similarly, areas with a relatively low housing 
density, as determined from the map of existing map or standards, 
are ranked as having a strong likelihood of being available. The 
submodel also eliminates from consideration any areas which 
prohibit harvesting. 

The maps of harvesting potential and owners' propensity to sell 
stumpage are then combined with the map of forested areas to 
characterize the forest resource in terms of effective supply. 
Tabular summaries, as well as maps, can be generated to identify 
areal extent of all combinations of relative accessibility and 
availability of the various categories of merchantable forests. 
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raCURE 1, FLGMCHART GP SUPPLY MODEL, llae cartographic mcdel of effective timber CKipply acxliflea 
liwentory’ maps In terms of harvesting access and the likelihood of being available as stuvage. 

In this flowchart encoded and derived meq;)s are shoun as boxes with fundamental map analysis 
operations Indicated as lines. 
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Th« thirty-four vogotation typos occurring in tho Potorahnn 
arts vtro collapiod to nine claaaoa of Borchantablt foroata 
(Figure 2). Thoaa areas coapriae 83. 6Z (37|882 acres) of the 
study area. Hovever* a large portion of these areaa are 
inaccessible and/or unavailable under current engineering and 
econoaic considerations. 
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FIQWE 2. PQRESTH) AREAS. A nap of 
vegetation cover aaa encoded and 
reeXasalfled Into nine categories of 
merchantable timber. Iheae areas 
conprlse all but l6»k% (7>430 acres) 
of the study area as noted In the 
smmxy statistics accon|>anying 
the nap. 


Figure 3 represents the iaportant interaediate asps associated 
with the access subaodel. Note the adverse effect of steep slopes 
in assessing weighted proxiaity to rosds. In deteraining 
effective proxiaity, slopes of 11-15X were treated as aoderately 
liaiting, while slopes of aore than 16Z were treated as severely 
liaiting harvesting accessibility. This analysis reveals that 
only 47.32 (21,446 acres) of the study area is within easy access 
of the existing road network. 

Figure 4 shows the asps of the availability subaodel. 

Ownership parcels of aore than 480 acres coaprise 37.42 (16,940 
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racURE 3. ACCESS SUBMODEL OUTPUT. Insert (a) 
Identifies the road network within the study 
area. Ihe effective proximity to the nearest 
road (c) for each map location Is detennlned 
by ccnputlng a weighted distance to roads 
based on terrain ste^mess (b). The relative 
proximity to existing roads Is reclassified In 
terms of effective yarding distances to 
Identify easily accessible areas (d). 
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FIGURE 4. AVAHABIUTY SUBMODEL OUTPUT. 

Iteps of ONnershlp patterns (a) and residential 
dwelUni;^ (b) are used to characterize the 
UkelltMod of areas to be sold for stunpage. 
Insert (c) locates areas to be excluded from 
harvesting due to legal statute or 
nanagenent policy. Conblnlng these three 
iflaps yields a map (d) of the relative 
availability for harvesting. 
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•erec) of the study eree. These larger parcels can be cousidered 
as having a high probability of being sold for stumpage. 

Similarly areas of less than five structures per 0*2 square mile 
(appromixately one house per 25 acres) are considered as being 
likely for sale. These relatively unpopulated areas comprise 
97.02 (43,936 acres) of the study area. Combining these two maps 
creates a map of overall availability. This map identifies 35.22 
(15,942 acres) of the study area as being likely to be available 
for stumpage. However some of these areas may actually be 
unavailable due to legal statute or management policy. In this 
demonstration areas to be excluded from harvesting include 
institutional areas (e.g., schools churches, etc.) and park lands. 
These comprise only 92 (396 acres) snd are spatially coincident 
with populated areas in most instances. As a result the 
consideration of excluded areas only slightly decreases the 
"likely to be available" areas to 35.12 (15,916 acres). 

The final phase of the model combines the information on access 
and availability for Che merchantable forested areas. Figure 5> 
locates the forested areas that have good access and are likely to 
be available. Of the 37,882 acres of merchantable forests only 
5,145 acres are in this desirable category. In addition, with 
Che exception of a few tracts ( most of these areas are well 
dispersed and relatively small. Table 1 summarises the 
access/availability information for all of the forested areas. 

Maps similar to the one in Figure 5 can. be displayed for any of 
the various combinations of accessibility and availability of the 
forested areas. The total amount of forested area which meets the 
minimum requirements of this analysis is 24,595 acres. The purely 
physical inventory of timberlands greatly overstated this acreage 
and offered no information as to the relative desirability and 
spatial distribution of the remaining land. 

An advantage of computer-assisted map analysis is that once a 
model is developed and the appropriate data encoded, repeated 
simulation of the model using different calibration coefficients 
yields insight into the unique character of an area. For example, 
if effective skidding distance is extended from 0.5 miles to 0.8 
miles and parcel size reduced from 480 acres to 250 acres, the 
highly desirable forested acreage Increases from 5,145 to 8,326 
acres. This method of sensitivity analysis can be used to 
identify the more important considerations as well as give a range 
of expected supply under various engineering and economic 
environments . 
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FIOURS 5« T1I«R mm, ISiis map 
depicts the forested aresaus that are 
likely to he availahle CPSP-H) and 
easily acosssible (PKX-«) by forest 
cover clausses 1 • 9 (see ’M>le 1)« 
BHM of the st«j^ area 
has fcapest cover, this analysis 
shows that only ll.*i$ Is in the 
fiiost dtesiraUle category. 
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TABLE 1, FORESTED AREAS BY ACCESSIBILITY 
AND AVAILABILITY CLASSES 


VC 

00 



[ ACCESCIBIMTY/AVAILABILITY* (acrefi) 

FORESTED 

AREAS** 

TOTAL 

ACRES 

0 

i/1 

1/2 

1/3 

2/1 

2/2 

2/3 

3/1 

3/2 

3/3 

CLASS 

1 

678 

147 

0 

134 

0 

C 

128 

77 

0 

C 

186 

CLASS 

2 

5H2 

179 

0 

45 

0 

0 

141 

58 

19 

134 

C 

CLASS 

3 

1,203 

731 

0 

6 

154 

0 

26 

115 

64 

70 

45 

CLASS 

4 

1,964 

544 

19 

70 

256 

19 

154 

468 

13 

288 

115 

CLASS 

5 

1,860 

736 

13 

70 

90 

c 

122 

269 

58 

US 

390 

CLASS 

C 

6,035 

2,131 

13 

371 

474 

77 

493 

908 

173 

595 

800 

CLASS 

7 

11,974 

3,648 

19 

602 

576 

147 

1,062 

1,933 

352 

J ,152 

2,483 

CLASS 

8 

12, 218 

4,570 

32 

838 

1,274 

70 

884 

1,683 

429 

1,493 

947 

CIJ^SS 

9 

1,3*^6 

608 

19 

SI 

6 

0 

256 

iu 

96 

154 

173 

TOTAL 


37,891 

1 

13,266 

US 

2,187 

2,830 

319 

3,266 

5,524 

1,204 

4,005 

5,145 


♦ 0 - not acceasible and/or av^ailable 

1 * low accessibility or availability 

2 - moderate acceoeibility or availability 

3 - high accessibility or availability 

for example^ **1/3** means areas of low 
accessibility and high availability 


* CI2.SS 1 - hardwoods; 41- ft,;8l-iC0% closure 
CLASS 2 - hardwood8/61-8C ft.; 81-100* closure 
CLASS 3 - softwoods; 21- 6C Ct.;30-80% closure 
CLASS 4 - softwoods; 61-8() ft.jSi-iOO* closure 
CLASS 5 - mlKedwoode (S/H > ; ii-60 ft.; 30-80* closure 
CLAS.0 8 - mixedwoodt ;ei*80 ft.|iO-8C% closure 
CLASS 7 - mixedwoods(H/S) ; 21-60 ft.; 30-60* closure 
CLASS 6 - iftixedwoode (H/S) ; 61-80 ft.; 30-80% closure 
CLASS 9 - mixedwcods {uneven-aged) 


ORIGINAL PAQE IS 
OF POOR QUALITY 



CONCLUSION 
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The Bodel serves ss en excellent strategic plaaniag tool. It 
locates general areas of likely accessible and available forests 
and provides insight into the significant factors affecting 
potential supply. The analysis, hovever, is not intended to 
provide output useful to the harvesting crev. lather it is 
intended to better indicate actual tinber supply than conventional 
inventory-driven procedures. 
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Celeste Trscy 
Office of Green Acres 

New Jersey Department of Ondronoental Protection 
Trenton, New Jersey 


With a need for providing natural and cultural resource infarmaticn 
of the state, the New Jersey Heritage Program surveyed available mapping 
information on landoover and vegetative oontunities. Most ccmnonly used 
sources, such as local land use maps and aerial photographs, were seen 
as being useful for individual sites, but either varied in their classi- 
fications or could not be used over extensive areas. 

ftiile the Heritage Pzxigram was in its fonnative stages, early in 
1979, decided that the program enbaijc on a danonstration project 
using Landsat satellite information for the Great Egg Harbor Watershed. 

The Landsat danonstration project was initiated with the goals of 
application (providing an inventory of vegetative ocmnunities and land 
use) ; flexibility (providing a method of oollecting data which can be 
updated or modified in the future) ; and efficioKy (cdlowing for an 
acceptable cost level by having staff undertake the project and avoid 
more oostly methods from air (hoto interpretation or on-site surveying) . 

giUDY AREA 

The Great Egg Harbor/Tuckahoe Watersheds were chos«i as the study 
area for two reasons. First, the New Jersey Wild and Scenic Rivers 
Progrem was going to examine that cunea for its consideration in the 
Program. The river or sections of the river would need to be classified 
cis wild, scenic, recreational, or developed recreational. To do that, 
it need^ landoover infonnation. Secondly, the New Jersey Pinelands 
Planning CCnmissicn and the Pinelands National Reserve both required the 
idaitification of critical natural areas. Even though these two programs 
were oanducting inventories, it wais felt that a dancnstration project 
could provide additional information on seme areas, and at the same 
time, those programs would provide data that oould serve as accuracy 
checks for the dEinonsvration project on other areas. In the long run 
this double checking proved to be very useful for all the programs. 

The area of the Great Egg Harbor Wfeitershed, including that of the 
Tuckahoe, enooipasses approximately 450 squeure miles in southern New 
Jersey between Philadelphia and Atlantic City (Figure 1) . Located in 
the Atlantic Outer Coastal Plain Ptysiographic Province, the topogrephy 
is flat to geitly rolling. Bcologiceilly part of the Pine Barrens, 
vegetative oertnunities include mostly salt and freshwater marshes, swanp 
hardwoods, cedar bogs, pine dominant, and oak dominant forests. Fire 
due to both r*atural and man-made causes has greatly influenced the 
vegetation of the area. Because the dcmiiiant pitch and short leaf pines 
are very tolerant to fire, they have renained in many forested areeis 
vhich might otherwise have been destroyed. 

jtO 


PRECEDING PAGE BLANK NOT FILMED 


101 



ORIGINAL PAGE !3 
OF POOR QUALITY 

'Rie Great Egg Harbor and Tuckahde Riversr both draining into Great 
Egg Harbor Bay on the Atlantic Coast are the najor surface vater systems. 
Looking at any U.S.G.S. topogr e ^ahic qucdrangles one notices a hi^ 
degree of wetlands in the watershed. These wetlands are primarily 
classed eis palustrine because of the dominance of swenp hardbioods (e.g. , 
trident red mapler black guiO , pitch pine, and to a nuch lesser extent 
Atlantic White Cedar. 

PHOCEXXSS 


The final classification used was not in all cases «diat was first 
worked «dth. During the course of the project, cover types were added 
or eliminated depending on the ability of the seamed data to pick out 
certain covers. Despite shifts in class definition, any changes made 
still reflected a principal need of habitat and surrounding land use 
delineation. Forest comet types were classed so that they would be con-' 
sistent with those used by the Pinelands Conmission. The final classi- 
fication consisted of the following cover types: 

1. Agriculture - consisting primeurily of row c r ops, or- 
chards, and bludjerry farms. The most characteristic 
feature was the perception of distinct rows. 

2. Field/Pcisture - primarily agriculture for dairy and horse 
farms, but also including Edsandoned fields, golf courses 
and large lawns. 

3. Developed - urban and suburban areas, major roads, 
railroads, and developed clusters such as for farms or 
public buildings. 

4. Bare Soil - included to distinguish sand and gravel pits. 

5. Pitch Pine Lowlands - The class was a catch-axi for areas 
in which pines form a dense canopy. 

6. Pine-Oak Forests- forests in v^iich are deminant with 

some oaks or noticeable oaks in the understory. The 
Pine-Oak Class also covers recently burned areas in which 
pitch pines have mostly renained with lesser regeneration 
of oaks. 

7. Oak-Pine Forests - Mixed oak deminant forest, found with 
these oak deminant cemnunities are pitdi pines. 

8. Hardwood Swarp Forest - as indicated by the name, this is 
a lowland forest type, distinguishable by trident red 
maples, sweet gum and black gun. 

9. Wetlands - nenforested wetlands, either tidal or fresh 

10. Tidal Mcirsh - a catch-all classification for wet areas 
which cure, predoninently tidal. 
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With a cxT C -w ock training session at Goddaid, initial classification 
work was started with on determining general groupings of ^lectred 

values. We worioed with three potential scenes &om 1978 to see if one 
or more was suitable for giving a relatively acrurate cover classifica- 
tion. A Novorber scene did not produce easily defined "clasaes" and was 
not used. An early ^u:il scene produced much more clearly defined 
images for forested areas. A mid-June scene eppeared suitable for seme 
developed areas. After working with ORSEK and finding out which of 
three soanes was suitable for our purposes, we switched to using IDIMS 
with the help of NASA, oonoentrating first on the ^>ril scene, and 
finally to a oonbined data set frem April and JUne. 

Besides ocirbining our data sets, we also used a oonbined supervised 
and unsupervised classification. For our total twelve categories Me 
relied on 45 separate isoclasses vdiicdi eacdi exaiplified particular 
subgroupings of a category, or were just good escanples of what we thought 
were a category. For exanple, for the agriculture category, we selected 
eleven different sanple areas \^ch were either orcdiards, or in blue- 
berry, grain, and trude farming prochjction. Severed modifications to 
our classification map were made as we encountered problems along the vray 
and were doing sane spot checking of areas vhich appeared to be blatant 
errors or at least questionable. For exanple, we knew of one large 
bludserry field of approximately 600 acres vhich we had assutmed to be 
all fields. Our initial classification for the area showed sane devel- 
oped pixels. Knowing that there have beei problems distinguishing 
between fields and developed eureas in other studies, we assumed those 
pixels to be incorrect and dianged them. Ho%<ever, cnoe we went dewn to 
that area, we found that the developed class! ficaticn was correct cis 
there were several bams and storeige areas within the field itself. Vfe 
then had to go back to the original clctssificaticn vhich was correct in 
the first place. 

NASA supplied us with our final products \diich consisted of large 
color prints of the vhole studj' aunea and also a series of three overlays 
of cover for the ten U.S.G.S. 1:24000 quadramgles vhich covered the 
Great Egg Hauhor Watershed and surrounding areais. Gecroetrically corrected, 
these iwerlays proved to be very useful for determining cover types and 
locating cover types in relation to other features noted cn a quad. 

Once we were faiirly satisfied with vhat we had, we then assessed 
certain aireais to get a more definitive degree of accuracy besides just 
good., o.k., or bad. We chose six sanple aureeis to oonoentrate on, ranging 
in size from >5 square mile to two miles. These were chosen with the 
help of the Remote Sensing Claiss of Mr. Ray Mueller at Stockton State 
College vho performed detailed cn-site inspections of adl of them. The 
sites were chosen because they were largely representative of certain 
categories, oembinations of several categories, or anonalies. One of 
these amcnalies included a forested area vhich had been burned only a 
few years before our 1978 scenes. We were curious to see how accurate 
forest statistics were for this cirea as cotpeured to healthy stands. 

Besides the Stxxktcn students' surveys we cdso checked the areas cigainst 
1972 U.S.G.S. qucdrangles; The Pinelcinds Cantdssion Vegetation Maps 
which relied mostly on an interpretation of aerial photos fran 1979, but 
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in sane oases fzan 1963; and 1:35000 false color infrared photxss fion 
1977. For the accuracy assessment* vie developed "ccnfusicn roatrioes" of 
all six senple areas* and using the ground truth sources* ocnpared every 
pixel to the oorrespcnding cover type. Although* this vies an ex t ranely 
tedious process* the tables viere very useful for dvcMing not just oorxectness 
or errors* but also vdiere mistakes viere made for one cover type against 
every other ont^* and also for shoviing errors of ocmnission and emission. 

RESULTS 


The project area of approximately 525 square mile:: showed that 61 
percent of the total area was forested. Of that* Oak/i‘ijne Forest was 
the most dominant cover type* being located in upland areas. In the 
absence of fire* this forest cover is considered to be a climax cover 
type. Hardwood swanps can easily be si^ited along stream corridors* or 
are otherwise found in areas whi<di have high water tables. 

Of all the developed categories* agriculture is the most dominant 
use and has mostly betai located either on the upland or borders of the 
viatershed; or in the northern part* closer to the Philadelfi^a metro- 
politan area. In most cases* row crop agriculture near lakes was the 
resxilt of cranberry bogs being filled in for blu^jerry cultivation. 
Agriculture cdso appears to be a landcover in v^di fields ctre Icurgely 
oono^trated together viith other agricultural lands. There are very few 
examples of tracts scattered through forested areas or located along 
roadways. Field and paisture areas, however* follow roads and show a 
fadrly randan distribution throu^icut the vratershod. Through site 
inspectiens it was found that severail fields were actually abauxbned 
agricultural lands* siix^e grown oyer. 

Although much of the study area is lowland, only five percent was 
actually identified as being wetland areas and almost nine percent 
voter . These paurticulau: aureais were distinguished from other wet areas, 
such ais the haundwood svonps* by either being marsh areais vhich are 
pairtially flooded* bogs* or flooded forest areas vhich were clear cut or 
burned. Much of the study airea included in the voter grouping was in 
the Great Egg Hautior Estuary. 

oaousiCNs 


Analysis of these results provicted a nvLxed bag of oonclusions about 
the aocuraicy of our claesificaticKi maps, but on the vhole, the results 
vore positive. 

In meeting our goal of providing an inventory of vegetative cenmunities 
and land use we had specific pix4>lans vhich related either to a problem 
of a cover type* the area, or the scene. Misidentification is probably 
the first pr^lem noted and we had several* although th^ relat^ back 
to the ^Jecific areas or the scene. Water is goierally identified viith 
a great deal of accuracy, although for one of our areas, the accuracy 
rate was only 52 percent. What appeared to happen was that in the 
absence of a cloud shadew class, lew spectral values which would have 
been assigned to shadow were grouped into the next best thing, in this 
case being water. 
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As I hed mentioned before* acme of our sanple areas for gxoi^ 
tnzthing were chosen because were atxxnalies. One of these included 
the Atlantic City Race Track and a surrounding forest. Exoept for the 
lawn and pend in the middle of the trade* the entire track* grandstand* 
and stable area were classed as agriculture. Ihe only reason we could 
think of as to this happened was that the vhole pattern of landoover 
was that of altrannating rows of li^t and dark reflectance* similar to 
that of row crope* but on a nuch larger scale. Our oti^ ancxnalous area 
was that of a burned area of approocimately 1.5 acres. Looking at our 
infoaxed photos* we saw very clearly where the roads on five sides acted 
as fire breaks* «d.th surrounding forest covers as deciduous (predoninantly 
oak-pine) * but with the interior area noticeably coniferous. The Landsat 
classed image* when grciaid truthed to the infrared photos diowed a hi^ 
error rate for all forest categories. Where a nonnal or accurate contingency 
table would have a diagonal line, indicating that the Landsat classification 
matched the ground truthed sources* this table literally showed a confusion 
of pixel counts being ^iread throuc^iout all classes exoept wetlands and 
water. Major categories of cover (forests* developed* aguatic) were 
grouped correctly, but when looking at hardwood forests or pine/oak 
forests* the correctness was very low for this area. The quality of the 
stands themselves was very low, reflecting an eoosyston recip^ating 
from a fire v^ch destroyed much of the vegetation. Because of the 
fire* a normal forest growth pattern did not exist. Vfiiat trees remained 
as canopy wrjre largely the pines* but over the leist few years, hardwoods 
and oaks were beginning to fill in the ^urub layer in seme parts. In 
other parts v^cdi were burnt but not undergoing a great deal of shrub 
growth* the classes were largely correct and the error was less than 
nine percent. 

The /^ril scene could have been a major problem because of clouds. 

Ohere was a large cloud vhich was accounted for, but there were cilso 
much smaller clouds in the sc&ne that were not easily identified in 
the stuefy area. Hiis did account for some errors in classificaticn, 

Icirgely mixing clouds with agriculture for some areas* and shadow with 
water* as I noted before. 

Ihe one cover type that we wanted but couldn't get was Atlantic 
White Cedar Bogs. For using Landsat to idmtify critical areas they 
posed as a classic Catch-22 exatple: they are largely diminishing in 

the state and therefore considered a critical natural category. But 
because they are so anall* they could not be safely id&itified in our 
study area. What resulted was that those we knev of were grocqped in 
either with ^tlands or pitch pine lowland categories. 

In the long run* the positive results outweighed the negative, and 
even those had ramifications for better results in the future. For one 
thing, there are new acreage figures for landoover in the watershed. A 
big advantage of having data in a pixel or rectalinear format is that is 
is easy to tabulate. If we want to use Landsat for change detection in 
the future, we will have a nunerical base to show just how many dianges 
occur in tte curea, eissunning the same level of akocuracy for both. 
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Use of several scenes during dlfferait tines of tiie yeaar em be 
beneficial depending upon the types of landoover desired. In this 
particular case agricultural areas, v^ch change their cover in sutmer, 
were differentiated from develcpmait, which have nuch less change. The 
^lectral values and the pattern of ^^ectral values are very different in 
^ring and simner for the two. 

A ocrrbined sipervised and unsupervised epproacdi was beneficial and 
is recsmnended for future Landsat napping. Using existing ground truth 
sources aided in selecting sanple areas for tredning in the supervised 
approach; these sources also helped in identifying the locations of 
particular cover types, given their differait spectral values. An 
unsupervised training proved to be useful because classification was 
made on the basis of reflectance, consequently reducing the possibility 
of making errors by either assuning a cover type or making a sipervised 
classification on the basis of questionable or scant information. 

Ihe problems with not being able to classify oedar bogs and burned 
areas actually turned out to be clouds with silver linings. The very 
fact that cedoi. bogs were so small that they could net be identified, 
only strengthened the fact that they are a critical habitat and in 
danger of being eliminated. With the burned area, we at least realized 
that similcir areas warrant a special classificc'ticn because of differences 
in the textures in the scene due to regaieration. 

Only by directly working on a demonstration project could we have 
reeilized the potential use of Landsat. Vfe feel that v« have met the 
goals that ws had originally set out bo meet and then sane. By werking 
directly on the project we got a product, but eilso a vrorking knowledge 
of Landsat in realizing v^t it can and cannot do. When we continue to 
do futuire work with Landsat, we will be able to lode for clcisses viiich 
are more reflective of a habitat with its various vegetative layers. 
Multi-tatporal data sets will be used in the future for distinguishing 
spectral values for covers vMch show a noticeable d)ange in any one 
seascxi and those covers which cure permanent. Particular attention pedd 
to the red and infrared bands can help make that distinction. 

Based on the fact that we did mate several changes in our classifications 
over a relatively short period of time, we feel that a Landsat-derived 
inventory is extremely flexible. Changes made in a matter of days or 
weeks with Landsat would have required months with most other oonventional 
techniques. Ws felt that we were not always locked into a prescribed 
set of clcisses - if we wanted to add some, we could; if we wanted to 
delete some, we could; and if we wanted to switch category labels from 
one isoclass signature to another, we could. 

Certainly all these features are not new revelations to mary. 

Several other projects will prove the same thing. Even so, it's important 
to reiterate them because it is jvist these features vhich can improve 
our knowledge of envirormental characteristics and thereby mate better 
decisions on resource conservation. 
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Table 1 

GKEAT EGG HARBOR/TUCKAHOE WATERSHED AREA 
Landsat Derived Landcover 


Landcover 

Pixels 

Acres 


Hardwood 

70,014 

43,268 

15.9 

Oak Pine 

130,783 

80,823 

29.7 

Pine Oak 

58,727 

36,293 

13.3 

Pitch Pine Lowland 

10,894 

6,732 

2.5 

Agriculture 

40,141 

24,807 

9.1 

Field/Pasture 

38,955 

24,074 

8.8 

Bare Soil 

2,912 

1,799 

.7 

Developed 

25,197 

15,571 

5.7 

Wetlands 

8,738 

5,400 

2.0 

Tidal Marsh 

13,473 

8,326 

3.1 

Water 

39,315 

24,296 

8.9 

Cloud 

1,219 

753 

.3 

TOTAL 

440,359 

272,142 

100.0 


TOTAL SQUARE MILES 425 
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LANDSAT LANDCOVER INFORMATION APPLIED TO 
REGIONAL PLANNING DECISIONS 

Cheryl e M. Dixon 

Piedmont Planning District Comnlsslon 
(804) 542-4220 


ABSTRACT 


A level one land cover classificatio map Is being produced with nine 
categories utilizing Landsat Information. Acreages for each of the nine 
categories will be tabulated. An accuracy assessment will be performed 
on the resulting data. Various uses of the Landsat data have been 
Investigated for Influencing regional planning decisions. A cost/benefit 
study will be performed upon completion of the project. 


INTRODUCTION 


Landsat land cover Information Is being utilized by Piedmont Planning 
District Comnlsslon located In the State of Virginia. The Commission Is 
a sub-state planning organization serving seven counties and eleven small 
towns. It Is one of twenty-two Planning District Commissions In the state. 
Piedmont Planning District Is basically rural with an average population 
density of 29 people per square mile. 

Piedmont Planning District Commission Is presently using the Landsat 
Information to classify, in nine categories, the land cover of the entire 
District for Inclusion In the District Land Use Plan. To accon^lish this, 
the centrally located county of the District, Prince Edward, will be 
classified first. Because of Its central location and diversified land 
cover. Prince Edward is representative of the entire District. Once the 
land cover mapping of this central county Is complete, with acreages 
tabulated and an acceptable accuracy level obtained, the same spectral 
signatures will be used to develop land cover maps and acreages for the 
remaining six counties within the District. 

This paper presents the project progress to date. The nine categories 
of classification are defined. The computer- compatible tape selection is 
presented. Two unsupervised classifications have been done, with 50 and 
70 classes respectively. Twenty-eight spectral classes have been developed 
using the supervised technique, employing actual ground truth training 
sites. 

The accuracy of the unsupervised classifications are estimated through 
comparison with local county statistics and with an actual pixel count of 
Landsat Information compared to ground truth. 
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Various uses of the Undsat Information have been explored and listed. 
Many other local and state agencies were consulted on this matter. 


SELECTION OF CATEGORIES OF CLASSIFICATION 


It was decided that a level one classification would be sufficient for 
use In the District Land Use Plan. Therefore the following nine categories 
of land cover were selected. 


WATER 


This category Includes rivers, lakes, farm ponds, creeks and sewage 
lagoons. In some cases the water will be overhung by trees, etc. In which 
case the area will be classified as that which can be seen from above. 

NONFORESTED WETLAND 

I'hls category Includes marshes, swamps and some pasture/grassi and 
which normally floods along creeks or rivers during a period of average 
rainfall. 

FORESTED WETLAND 

This category Includes marshes, swamps and wet areas that have trees 
or small bushes as vegetative cover. 

CONIFER FORESTS 

This category Includes evergreens, most likely 1n Virginia to be cedar 
' pine. The pine Includes natural Virginia pine, black pine and an 
jundance of planted loblolly pines. Some white pines occur: however, 
these are mostly ornamental . 

DECIDUOUS FORESTS 

This category Includes a wide variety of native hardwoods, 
predominantly oaks, hickory, poplar, gum and maple. Also included In this 
classification category are cutover/brush areas where hardwoods have been 
harvested and those areas of natural regeneration of hardwoods. 

MIXED FORESTS 

This category includes a mixture of the conifer and deciduous areas. 
The ratios of the mix may vary; therefore, any area that cannot be 
identified homogeneously as conifer or deciduous will fall Into the mixed 
category. 
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PASTURE/GRASSLANO 

This category Includes a variety of grasses that remain as grass for 
an extended period of time, I.e. for longer than one growing season. 

CROPLAND/ROADS 

This category Includes any land which Is cultivated and replanted 
from year to year. Roads appear in this category due to the timing of 
the Information. In early spring the cropland Is just being plowed or 
planted with no vegetation appearing. Roads are a mixture of the pavement 
and grass/bare ground to the sides; therefore, the spectral signatures 
of the roads and cropland are similar. 

DEVELOPED 

This category Includes Industrial, commercial and residential areas. 
It should be noted that this classification category Is the most difficult 
CO establish due to the mix of things that will appear In one pixel of 1.1 
acres. Small towns should be Identified, but Individual buildings out 
In the counties will be included In other categories due to their small 
size. 


SELECTION OF COMPUTER-COMPATIBLE TAPES 


A computer-con^atible tape set was ordered from EROS Data Center near 
Sioux Falls, South Dakota dated April 28, 1978. This was a relatively 
clear date with low cloud cover. Being early spring, there was little 
foliage on deciduous trees making them more easily distinguishable from 
coniferous trees. Cropland at this time would either be freshly plowed or 
freshly planted with no visible vegetative cover, with the exception of 
winter crops such as wheat. This would, for the most part, make the 
cropland easily distinguishable from the pasture/grassland. 

One other factor greatly influencing the use of the April 1978 tapes 
was the level of moisture. This particular date was a high water period 
in Piedmont Planning District; therefore, some flooding appears in the 
classification. 


UNSUPERVISED CLASSIFICATION 


An unsupervised classification is done by allowing the computer to 
select the classes with no reference to actual ground truth. A 50-category 
classification was done for Prince Edward County. These 50 categories 
were then grouped, according to their mean values, into the nine c1ass?s 
selected for the project. Those categories with th, closest mean values 
were combined into one class. 
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The county boundaries were then digitized and statistics tabulated 
for each class In Prince Edward County* 

Table I. - PRINCE EDUARD COUNTY ACREAGES 
UNSUPERVISED WITH 50 CLASSES 


Water 1 ,581 acres 

Nonforested Wetland 1 ,836 

Forested Wetland 24,682 

Coniferous Forests 43,971 

Deciduous Forests 53,531 

Mixed Forests 23,138 

Pasture/Grassland 32,514 

Cropland/Roads 35,310 

Developed 558 

Total 217,121 acres 


In order to take a closer look at the county classification, a blow- 
up of the Farmville area was done. The saine unsupervised technique with 
the 50 categories was applied to the Farmville av'ea. This area was then 
scaled to approximate an aerial photograph of the sam area dated March 
1979. A grid was prepared for the Landsat map and the aerial photo. 
Specific points were corpared on each to determine if the Landsat mapping 
generally agreed with the aerial photograph. Many of the points on the 
aerial photograph were visited to be certain of the ground cover. 

During the comparisons of the Landsat mapping and the aerial 
photograph, several problem areas were detected. For example, there 
was too much coniferous forest appearing on the Landsat map, an area of 
flooded pastureland was showing up as a developed area and some cropland 
was identified as forests. Because of these problems, another unsupervised 
classification was run with 70 categories selected by the col^^3uter. It 
was hoped that the additional categories would separate some of these 
identified problem areas. The specific problem areas did not improve; 
however, the overall classification acreages did change. The most 
significant changes from the 50 classes to 70 classes included a decrease 
in water, coniferous forests and an increase in cropland. 
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Table II. < COMPARISON OF FARMVILLE AREA 


ACREAGES IN SO AND 70 CATEGORIES 


CLASS 

so CATEGORIES 

70 CATEGORIES 

% CHANGE 

Water 

1,071 

522 

-51* 

Non fores ted Wetland 

1,431 

1,574 

10* 

Forested Wetland 

14,364 

14,172 

1* 

Coniferous Forests 

20,826 

14,056 

-33* 

Deciduous Forests 

18,021 

17,296 

4* 

Mixed Forests 

10,670 

1 1 ,459 

7* 

Pasture/Grassland 

14,276 

13,920 

- 2* 

Crop land/ Roads 

17,776 

25,373 

43* 

Developed 

446 

378 

15* 



unclassified 131 


Total 

98,881 

98,881 



SUPERVISED CLASSIFICATION 


A supervised classification involves the selection of training sites, 
classifying them and "training" the computer to find all similar areas. 
Using an aerial photograph or a topographical map, training sites are 
mapped from actual ground truth. The training sites should be at least 
5 acres. The larger the area the better. The most uniform areas are 
preferably selected for training sites. 

Once the training sites are selected and located in the Landsat image, 
a statistical analysis is then run on each site. Tne spectral signatures 
of the most uniform training sites are then keyed into the computer. The 
computer then identifies all other areas of the same spectral signature 
or those areas with spectral signatures within a given critical distance. 
For exanple, a 10-acre block of deciduous forests is identified with a 
spectral signature in the four Landsat channels of: 


113 



Channel 1234 

Signature 20.00 22.58 49.33 51.00 


The computer is told to classify all areas with this signature or within 
a critical distance of X from this signature as deciduous forests. 

To date, 28 categories have been Identified In the Fannvllle area 
with ground truth. Approximately 20 percent of the area still remains 
to be classified. 


Table III. - FARMVILLE AREA CLASSIFICATION 
SUPERVISED with 28 CATEGORIES 


CLASS ACREAGES 

Water 323 

Nonforested Wetland 1,055 

Forested Wetland 13,319 

Coniferous Forests 2,399 

Deciduous Forests 28,039 

Mixed Forests 11,607 

Pasture/Grassland 4,911 

Cropland/Roads 15,841 

Developed 1,867 

Unclassified 19,525 

Total 98,886 

ACCURACY ASSESSMENT 


Although the classification of Prince Edward County is not yet final, 
this section will discuss the accuracy of the preliminary mapping and 
tabulations. Two methods of assessment are discussed: 1) comparison of 

acreages with printed local County statistics, and 2) an actual pixel 
count from Land<:at corr^iared to a ground truth source. 

The pixel count method is presented for the Farmville area 
classification using both the 50 and 70 categories. Note that this paper 



presents only an example of this method with a sample of 400 pixels. When 
the final classification map Is obtained, a more comprehensive count of 
pixels wTll be undertaken to provide a statistically valid test. 


COMPARISON WITH LOCAL STATISTICS FOR PRINCE EDWARD COUNTY 

Local county statistics were available for total acreage and only 
three separate classifications In Prince Edward County. There is some 
discrepancy In total acreage for the county. This Is possibly due to 
digitizing the county boundary. 

According to the Department of Highways and Transportation, Prince 
Edward County has 225,977.6 acres. Landsat mapped 217,121 acres which Is 
96.1 percent of the actual. 

For Individual classifications, statistics are available for cropland, 
pastureland and forests. According to the 1974 Census of Agriculture 
there were 39,012 acres of cropland compared to 35,310 acres in the 
preliminary Landsat classification with 50 categories. This is a difference 
of 9 percent. Pastureland covered 29,984 acres in 1974 according to the 
Census of Agriculture. Preliminary Landsat figures Indicated there were 
32,514 acres of pasture/grassland. This is a difference of 8 percent. 

According to the Division of Forestry there were 163,327 acres of 
forest land in Prince Edward County in 1976. Preliminary Landsat figures 
show 145,322 acres of forest land. This Is a difference of 11 percent. 


COMPARISON WITH LOCAL STATISTICS FOR VAUGHAN'S CREEK AND FISHPOND CREEK 
WATERSHEDS 

In 1976, Soil Conservation Service estimated land use acreages for the 
watersheds of Vaughan's Creek and Fishpond Creek. These figures are to 
be used in an Environmental Impact Statement for the Upper Appomattox 
Watershed application. These same boundaries were digitized on the Landsat 
image. Again the total acreage differs from county figures. This could 
be due to the digitizing process or an Inaccurate estimate by the county. 
The nine classifications of Landsat data were grouped into 4 general 
categories to match the SCS classes. When tabulated, Landsat indicated an 
increase in cropland/grassland and a decrease in woodland. 
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Table IV. - WATERSHED STATISTICS FROM SOIL CONSERVATION 
SERVICE COMPARED TO LANDSAT STATISTICS 


VAUGHAN'S CREEK WATERSHED 


CLASS 

Landsat 

Acreage 

* Of 

Total 

SCS County 
Acreage 

% Of 

Total 

Cropland 

2,455 

14.8 

2,102 

12.5 

Grassland 

3,940 

23.7 

3,278 

19.5 

Woodland 

9,923 

59.7 

10,592 

63 

Mi scellaneous 

293 

1.8 

841 

5 


16,611 

100% 

16,813 

100% 

FISHPOND CREEK 

WATERSHED 





Landsat 

% of 

SCS County 

% of 

CLASS 

Acreage 

Total 

Acreage 

Total 

Cropland 

1,283 

15 

707 

8 

Grassland 

1,010 

11 

480 

5 

Woodland 

6,371 

72 

7,741 

85 

Miscellaneous 

138 

2 

136 

2 

PIXEL COUNT METHOD 

8,802 

100% 

9,064 

100% 


For purposes of demonstrating this method, a 20 pixel by 20 pixel 
area was selected on the Famville Area image from both the 50 and 70 
category unsupervised classifications. This sample block of 400 pixels 
contains some of all the nine classes selected for the project. The 
sample block was located on the aerial photograph and visited to determine 
actual land cover. 

The results of counting the actual pixels mapped correctly and in- 
correctly showed an overall mapping accuracy of 56 percent for the un- 
supervised classification with 50 categories of the Farmville area. The 
unsupervised classification with 70 categories showed 54 percent accuracy. 
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This method of accuracy assessment takes Into consideration those 
pixels In each class that were Identified correctly, those that were 
omitted from the correct class and those pixels that were committed to 
an Incorrect class. This Is shown In the form of a Confusion Table. 


USES OF LANDSAT LAND COVER INFORMATION IN REGIONAL PLANNING 


LOCAL PLANNING DOCUMENTS 

The land cover maps will be used In many local planning documents such 
as the District Land Use Plan and County Comprehensive Plans. Prior to 
the use of Landsat mapping, a local land use map Involved a map with 
actual structures, I.e. houses, businesses and Industries located 
throughout the area. These data were obtained through a windshield survey. 
The largest part of an area was most often left blank and labeled 
agricultural and forested land. This area Is where Landsat Information Is 
most beneficial. 

WATERSHED PROJECTS 

Again, the land cover maps are useful In watershed projects as the 
Soil Conservation Service compiles their Environmental Impact Statements. 

One project In particular, Bush River Watershed, had been approved by all 
agencies required except the Environmental Protection Agency (EPA). EPA 
was holding up approval on the premise that too many acres of wetlands 
would be destroyed by the project. Landsat figures could verify the 
wetland acreages and over time show the wetland variations In other water- 
shed projects. 

STUDY OF SILTATION PROBLEMS IN LAKE CHESDIN 

Lake Chesdin, when originally built in 1967, was planned to last for 
49 years. At the present rate of slltatlon going on in the lake. It Is 
now estimated to last only 24 years. Landsat could map the land cover and 
monitor problem areas, such as cutover forest land, which may be contribut- 
ing to the shortened life of the Lake. 

STUDY OF CROPLAND ACREAGES AND DISEASED CROP AREAS 

Tobacco Is one of the main cash crops In the Piedmont Planning District. 
Several diseases are present in the area which affect tobacco surh as 
blue mold and black root. In some cases, special treatment of the soil 
Is needed to prevent the disease from recurring or spreading. Landsat 
land cover mapping could monitor the diseased areas over a period of years. 
This project Is of particular Interest to the State Extension Service and 
the Southern Piedmont Research Station which studies these diseases. 
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LOCATION OF GEOLOGIC FORMATIONS 


The Division of Mineral Resources Is particularly Interested In the 
land cover mapping since vegetative cover is often a key to what 
geologic formations are below the surface. Geologic mapping Is very 
limited within the District; therefore, this possibility for Landsat would 
be an asset to planning In the area. 

USEFUL IN ZONING AND GROWTH CORRIDOR STUDIES 

Prince Edward County Is studying the possibility of zoning the entire 
county for the first time. Prime agricultural zoning Is being considered. 
Landsat land cover mapping would show the county exactly where Its 
agricultural land Is located. 

A Growth Corridor Study Is now being done In the Farmville Area. Land 
use Is a major consideration which Landsat can provide. Over a period of 
years Landsat could also show the direction that actual growth has taken. 

FORESTRY SURVEY 

The forest industry provides a large percentage of Piedmont Planning 
District's base emplo^nt. With approximately 70 percent of the District 
In forest land, this Is a resource which needs to be managed. 

Another Planning District is interested in studying Its forest 
resources as a possible energy source In the future. Landsat land cover 
Information could be utilized in these efforts. 

CONCLUDING REMARKS 


Piedmont Planning District Commission, in the course of its 
Demonstration Project, has consulted many other state and local agencies in 
the use of the Landsat information. All are in agreement about the great 
potential for use of the Landsat land cover information, especially the 
comparisons that can be made over a period of years. Landsat land cover 
Information is viewed not as an all-encompassing answer, but as a tool for 
regional planning and resource management. 
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Table V. - Confusion Table - Fainnville Area 
Unsupervised Classification with 50 Classes 


Non- Crop- 




forested 



Forested 

lane!/ 

Pastureland/ 


Mixed 

Total 



Mapping 


Vfeter 

Viet land 

Developed 

Conifer 

wetland 


Grassland 

Deciduous 

Fbrests 

Possible Omissions 

CcRBilsslons 

Accuracy 

Water 


0 

4 

5 

0 

12 

0 

0 

0 

66 


1-59* 













45 ♦ 21 ♦ 39 ^ 

Nonfbrested 














Wetland 

7 


2 

- 

2 

0 

0 

0 

0 

26 


i-58* 

--^5 - 37f 












15 + 11 + I5 ^ 

Developed 

0 

0 

1 

0 

0 

6 

0 

0 

0 

14 


^-157* 


Oonlfera 

8 

0 

1 

ii 

8 

10 

0 

0 

0 

60 



33 + 27 + W 

I^rested 














Wetland 

0 
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Table VI 


Confusion Table • Fannville Area 
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LANDSAT APPLICATIONS BY THE ADIRONDACK PARK AGENCY FOR LAND COVER 
ANALYSES AND FOREST COVER CHANGE 


John S. Banta, Director of Planning 
Adirondack Park Agency 

Raymond P. Curran, Supervisor, Resource Analysis Unit 
Adirondack Park Agency 


ABSTRACT 


The New York Sic/ e Adirondack Park Agency is using Landsat imagery to 
provide current, consistent parkwide data on forest cover, forest change 
and other land cover charajjteristics for the Adirondack Park, an area of 
9,375 sq, miles (24,28C km"'). Such data are not available from conventional 
sources. Land cover characteristics will be presented in both tabular and 
visual formats to facilitaJre Agency planning functions; including both a 
detailed joint Government -Indue try analysis of Intensive Timber Harvesting 
in the Adirondack Park; and the installation of a Geographic Information 
System to assist in economic and natural resource information, storage, 
retrieval and analysis by the Adirondack Park Agency. This work is in progress 
and preliminary products are expected in the spring of 1981, The project will 
be completed by December 31, 1981. 


IN^v ^DUCTION 


In October 1979 the Adirondack Park Agency initiated a study of intensive 
harvest practices in order to clarify its jurisdiction over "clearcutting** in 
the private forests of the Adirondacks, The cooperation of government, 
industry, professional foresters, and other interested groups was solicited 
to advise and guide the work. The study was prompted by concerns that in- 
creasing demands for wood and wood products could lead to harvest activities 
that would have an adverse effect on the long-term economic health and environ- 
mental quality of the region. Based on the results of the study, the Adiron- 
dack Park Agency expects to revise its rules and regulations regarding the 
use of clearcutting and similar forest practices in the Park. The involvement 
of the NYS Department of Environmental Conservation and other public and 
private interests concerned with forest management in the Park will also 
contribute to the New York State Forest Resources Planning Program conducted 
by the Department of Environmental Conservation, 
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SURVEY PURPOSES 


A survey of forest cover identifying basic characteristics will give 
a quantitative assessment and geographically referenced analysis of several 
planning and operational issues before the Adirondack Park Agency including: 

1) Distribution and scale of intensive timber harvesting activity; 

2) Distribution and scale of special interest areas (principally 
forested wetlands and unique habitat areas); 

3) Baseline information for future reference of large-scale 
intensive timber harvesting within the Park. 

The survey of the Park using Landsat data is in addition to a ground 
survey of randomly selected ITH/clearcut sites within the Park and statistical 
analysis of the USFS forest survey for the Northern New York region. 


SURVEY TECHNIQUES 


The choice of useable Landsat data was limited by climatic conditions 
for successive days over the relatively large study area since the satellite 
does not cover the entire Park on a single pass. The Adirondack Park is 
roughly 9,725 square miles in size. Cloud-free data were available for 
October, 1972 (a dormant vegetative period) and August, 1978. Data were 
provided to a consultant who has undertaken the technical analyses for the 
Agency. 

Prior to performing an initial classification of the data, boundaries 
of the study area were digitized, data enhanced, and finally the data were 
geographically rectified. 

Cr^^idering the goals of the ITH Study, a classification system was 
devised which emphasized the basic land cover types of the Park — hardwoods, 
spruce-fit, pine, wet conifer, brushland, grassland, agricultural areas, 
exposed earth, **urban" areas, and water bodies. To increase the level of 
information available for comparison of successive Landsat data elements, 
cover type classifications for disturbed forest land were also chosen — 
cut hardwoods, regenerating hardwoods, and cut spruce fir. 
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Training sanples for initial classification of the 1978 data utilized 
approximately 36 training sample sites with good ground survey information 
relevant to the 1978 data set. 

Field verification of the 1978 classification has revealed an accurate 
differentiation of forest types within types and between nonforested/ forested 
areas. The > 'ossification accurately detects forest land distu..bances; 
however, it ib not always descriptive of the level of disturbance. For 
example, the "cut hardwoods" classification includes areas of low stocking 
of hardwoods, irrespective of windthrow, disease, or cutting; the "pasture" 
classification Included in addition to pastured areas, areas of very heavy 
cutting, and openings in forestland. 

Wet conifer and pine areas were found to be very reliable; however, 
because of dry soils in August 1978, nonforested wetlands tended to be 
classified on the basis of the emergent vegetation rather than on wet soil. 

Another problem is the identification of "water" classifications on 
steep slopes, possibly caused by blowdowns in areas of great -elief and/or 
bedrock, or shadow. 

These problems are presently being rectified and a second set of 
training samples defined for use in classifying the 1972 data. 


APPLICATIONS 


The primary application of this work in progress will be in support 
of the Intensive Timber Harvest Study described above. The Landsat data 
interpretations are also expected to be of value for; 1) a quantitative 
assessment of wetlands within the Adirondack Park; 2) resource analysis in 
local planning within the Park; and, 3) review and evaluation of the 
Adirondack Park Land Use and Development Plan and Map, For additional 
information as the study progresses contact: Adirondack Park Agency, 

P. 0. Be-: 99, Ray Brook, New York 12977. 
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ERRSAC CONTRIBUTIONS TO THE SEARCH FOR APPALACHIAN HYDROCARBONS 


Herbert W. Blodget 

Eastern Regional Remote Sensing Applications Center (ERRSAC) 
NASA/Goddard Space Flight Center 
Greenbelt» MD 20771 


ABSTRACT 


An investigation to assess the application of enhanced Landsat imagery for 
hydrocarbon exploration in Appalachia was carried out jointly by ERRSAC* the 
i^palachian Regional Commission* and geologists from seven Appalachian states. 
The primary objective was to determine the utility of lineaments identified on 
landsat imagery as an exploration tool in the search for hydrocarbons within 
three Appalachian test sites. 

The study was conducted in two stages. The initial stage was designed to 
identify the optimum landsat imagery enhancement technique for displaying 
lineaments. The second stage was an analysis of the Landsat lineament data end 
correlation of the. results with oil and gas field information for each of three 
test sites. Good correlations were found for several states. Successful tech- 
niques can be incorporated into a broader exploration model. 

INTRODUCTION 

In early 1977 NASA embarked on a pilot study to determine the applicability 
of enhanced Landsat imagery for oil and gas exploration in Appalachia. This 
project was conducted jointly by ERRSAC, the Appalachian Regional Commission, 
and geologists from three Appalachian states. The immediate objective was to 
determine if lineaments identified on Landsat imagery could be used as a tool in 
petrole im exploration. In particular, it was sought to determine if the frac- 
ture cones whjch commonly form reservoirs for Devonian Shale-gas production are 
manifest at ground level and visible from Landsat altitudes. 

Lineaments, as defined here, are linear or sub-linear traces seen on 
landsat imagery. Research has sho\m thrt they frequently reflect subsurface 
geological fractures, the most common of which are joints and faults. Such 
faults may improve reservoir characteristics and can also be important in the 
formation of certain classes of structural hydrocarbon traps (Levorsen, 1967, 
p. 267, and Kostura and Ravenscroft, 1977). Promising results from the pilot 
study conducted at the 5-county, Kentucky-Ohio-West Virginia test site 
(Figure 1) led to the initiation of a more comprehensive study that included 
two additional test sites and geologists from four more states. 

METHODOLOGY -RESULTS 


The expanded investigation was accomplished in two stages; the first was 
designed to identify the specific Landsat imagery enhancement best suited for 
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displaying lineaments; the second consisted of plotting lineaments and making an 
analysis of the lineament trends in respect to both local geological structure 
and regional tectonics. This included correlation of the lineament data with oil 
and gas field production information. 

In the first phase, each of the state teams of geologists was provided with 
12 Images of its test site(s). The set included four differently enhanced 
images for each of three seasons — spring, summer, and fall (Wescott and Smith, 
1979). Even though there were wide differences in the training and background of 
the interpreters, and no collaboration among teams, there was almost unanimous 
agreement in the conclusions. In particular, it was indicated that winter or 
*’leavos“Of f ** imagery provided the best seasonal data. The sun was at its lowest 
angle in respect to the earth, and the increased shadow length improved rccog^ 
nition of topographic lineaments. In addition, it was almost unanimously agreed 
that a simple digital linear stretch provided optimum tonal contrast for all 
three test sites. In areas of highly dissected topography, as was characteristic 
in the two southern sites, edge enhancement further improved lineament display, 
and the Laplacian (3x3 filter) algorithm was generally preferred. In the 
flatter terrain of the New York~Pennsylvania test site, howe\er, edge enliancement 
tended tc emphasize field boundary lines and other cultural features in detriment 
to geology-related lineaments. Printing on Cibachromo film consistently produced 
a tonal and textural sharpness not attainable on paper prints. The detail ej 
results of the image analysis were compiled by Smith and Miller (1980). "Stan- 
dard** enhanced Landsat imagery which incorporated these enhancement procedures 
is now available from several commercial vendors. 

During the second phase of the study, lineaments were plotted on Landsat 
overlays at 1*250,000 scale for each of the test sites. These data were corre- 
lated with published geologic maps, and checked in the field where significant 
new information appeared to be indicated. A thorough revlei of Devonian Shale- 
gas production data for the three test sites revealed that there is presently 
insufficient subsurface well information available upon which to base conclusive 
results. Many of the long-lived, low volume Shale-gas wells were drilled in the 
first third of the century, prior to th< advent of down-hole logging procedures. 
While drillers* logs may have been recorded, very few appear to have been pre- 
served; even precise well location data are scarce. Analysis of the limited 
data suggests some interesting geologic relationships, and further study is 
warranted when more information from recently di filed v/ells becomes avatlable. 

Although this one major objective of the study was not fully met, the com- 
parison of lineaments with hydrocarbon production showed some interesting corre- 
lations. In New York, Ohio, and Virginia, for example, it was found that some 
I^ndeat lineaments coincided with portions of the reservoir margins of certain 
oil and gas fields tliat produce from sandstone formations. These correlations 
could be significant in exploring for hydrocarbons, especially if It can be 
shown that these lineaments reflect the faults forming the reservoir trap. A 
schematic of this relationship is shown in Figure 2. 

In Allegany County, New York (Figure 3), for example, Landsat lineaments 
plotted by A. Van Tyne and Wickerham of the New York Geological Survey appear 
to truncate the hydrocarl on production on at least one margin of 13 oil or gas 
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fields. These lineaments have been broadened in Figure 3 for emphasis. Nine of 
these significant lineaments trend in a northea^^terly direction, suggesting a 
genetic relationship among these lineaments, regional geologic structure and the 
associated reservoirs. In particular, this trend parallels the folded Appala- 
chian Mountains to the southeast. In the same county, 13 additional similarlv 
trending lineaments have been identified which are not associated with known 
petrol^im accumulation. For display purposes, these lineaments are shown as 
broad dashes. Because of the apparent significance of this lineament directional 
trend, the undrilled areas around these 13 lineaments are considered highly 
attractive petroleum prospects. These areas should now be examined in detail 
using traditional geophysical exploration techniques in order to obtain a 
detailed definition of the subsurface geology. Thus, while there is generally 
insufficient detailed geological information on Landsat imagery to pinpoint 
hydrocarbon accumulations, development of a better understanding of the regional 
geology permits optimum utilization of more expensive geophysical techniques. 

CONCLUSIONS 


Specific digital and optical image enhancement techniques can be applied to 
winter (low sun angle) Landsat data to significantly facilitate lineament dis- 
crimination in three ^palachian test sites. The linear stretch %ias found to 
provide the best tonal contrast, while edge enhancements should only be applied 
when the test site exhibits strong relief. Printing on a Cibachrome-like base 
provides added tonal "sharpness" and contrast. 

Insufficient subsurface geological data were available from Devonian Shale- 
gas wells to confirm any definite relationship between Landsat lineaments and gas 
production. Further small-area studies are warranted when log data from recently 
drilled wells become available. 

The close relationship between lineaments identified on Landsat imagery and 
known oil and gas reservoirs in three widely separated, geologically diverse 
Appalachian test sites strongly suggests that lineaments can be related to the 
structural control of oil and gas reservoirs throughout Appalachia. These 
relationships should be exploited in developing all reconnaissance exploration 
programs. Geologic interpretation of Landsat imagery is essential to developing 
the most complete understc*nding of regional geology and must be used as one of 
the guides for the application of more costly, definitive geophysical 
techniques. 
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POTENTIAL UTILITY OF THE THEMATIC MAPPER FOR SURFACE MINE MONITORING 

James R. Irons 
Earth Resources Branch 
NASA/Goddard Space Flight Center 

Henry M. Lachowski* and Chris Peterson 
Space Dlvisirr 
General Electric Company 


ABSTRACT 


One of the many potential applications of the Thematic Mapper (TM) is 
surface mine monitoring. To assess this potential, data acquired by an aircraft 
multispectral scanner over Pennsylvania surface mines were preprocessed to 
simulate the anticipated spectral, spatial, and radiometric characteristics of TM 
data. False color imagery and thematic maps were derived from the simulated data 
and compared to imagery and maps derived from Landsat Multispectral Scanner 
Subsystems (MSS) data. On the basis of this comparison, TM data will increase 
the detail and accuracy of remotely acquired surface mine information and may 
enable the remote determination of compliance with reclamation regulations. 
Further research will investigate effective TM data analysis techniques and 
evaluate the relative utility of the TM spectral bands for surface mine 
monitoring. 

INTRODUCTION 


One of the many possible applications of the Thematic Mapper (TM) 
multispectral scanner planned for the Landsat-0 satellite series is the 
inventory, inspection, and monitoring of coal surface mines. The ability to 
identify and inventory surface mines using data from the Multispectral Scanner 
Subsystems (MSS) of the first three Landsat satellites has been demonstrated in 
several investigations, but investigators have been unable to consistently 
extract from MSS data the detailed information required to determine compliance 
with mining regulations. The TM will offer advantages over the MSS with respect 
to spectral, spatial, and radiometric characteristics. These improvements will 
potentially lead to enhanced capabilities for remote surface mine inspection. 

To assess the potential benefits accruing from TM improvements, simulated TM 
data were acquired by an aircraft multispectral scanner over heavily mined areas 
in central Pennsylvania. The data were used to image, identify, map, and 
mensurate the area covered by detailed surface mine categories. Results derived 
from the simulated TM data were compared to similar information extracted from 
Landsat MSS data. 

BACKGROUND 

The increased demand and use of coal has created a conflict over the need 
for energy and the desire to maintain environmental quality. At present, about 


♦Presently with the Forest Service, U.S. Department of Agriculture 


129 



ORIGINAL PAGE 18 
OF POOR QUALITY 


60% of national coal production comes from surface mines and th''s extraction 
method has disturbed millions of acres across the United States. Insufficient 
mine reclamation has left unsightly landscape, ruined previously productive land, 
increased susceptibility to flooding, and caused air and water pollution. 

Recent federal energy policies emphasize increased utilization and mining of 
coal with stricter control of environmental, health, and safety costs. The Federal 
Surface Mine Control and Reclamation Act (Public Law 95-87) establishes uniform 
national standards for surface coal mine reclamation in order to change mining 
practices which generate severe environmental degradation. The federal act 
recognizes mining regulation as primarily the responsibility of stat'^ government, 
but requires federal approval of state reclamation programs. In adjition, the 
surface mine act establishes a fund for the reclamation of abandc.ied mines. 

More than 30 states have enacted laws regulating surface mining and 
reclamation. The Office of Surface Mining with the Department of the Interior 
reviews all state reclamation programs to determine acceptability under the 
federal surface mine act. The scope of existing and proposed laws varies among 
states according to mining conditions, availability of coal, economics, and 
pressure from environmentalists. 

Both federal and state laws require surface mine inventory and inspection to 
determine compliance with regulations. Inventories involve the identification, 
mapping, and mensuration of areas disturbed by mining. Mine inspection requires 
a closer look within the mines to assess activities such as grading, topsoil 
replacement, and revegetation. 

The use of Landsat MSS data to reduce the expense, time, and inaccuracies 
associated with mine inventories and inspections has been extensively investigated. 
Accurate inventories have been produced using both the manual interpretation of 
MSS imagery (references 1 and 2 ) and the computer-aided analysis of digital MSS 
data (references 3, 4, and 5). MSS data, however, have not proven to be as useful 
for mine inspection. The level of detail and spatial resolution of MSS-derived 
information was often found inadequate for ascertaining compliance with surface 
mine operation and reclamation regulations (references 6 and 7). 

The improvements offered by the TM will potentially enhance the utility of 
remotely sensed data acquired at satellite altitudes. The TM will provide a 
finer spatial resolution, additional spectral bands, and more data quantization 
levels than the MSS. The TM spectral bands were carefully chosen to increase the 
information content of the data with respect to vegetation and geologic 
parameters. The characteristics of the TM and the MSS are compared in more 
detail within Table I. The study reported here addressed the impact of the TM 
improvements on remote surface mine inspection. 

DATA ACQUISITION 

STUDY AREAS 

The data for this study were acquired for three areas located in Cambria, 
Centre, and Clarion Counties, Pennsylvania. All the areas are within the Main 
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Bituminous Coal Field of the Appalachian Plateau Physiographic Province. The 
areas are heavily forested and are characterized by rolling topography with 
moderate relief. Geologically, the areas are underlain by horizontal to gently 
dipping sedimentary strata of the Allegheny Group formed during the Pennsylvanian 
geologic period. Extensive portions of the areas have been disturbed by contour, 
hilltop-removal, and area surface coal mining which provided an excellent cross section 
of active, reclaimed, and abandoned mines for the investigation. 

Twenty mine sites within the study areas were selected for intensive study; 
ten sites were located within Clarion Co. and five sites were within each of the 
other two study areas. Each mine site covered a square area of 150 hectares. 
Measurements of the areal extent of detailed land cover categories within the 
mine sites formed the basis for the evaluation of the simulated TM data. 

GROUND REFERENCE DATA 

The ground reference data consisted of photointerpreted, low-altitude aerial 
photography. Color and color-infrared photographs were acquired over the study 
areas on Septemoer 29, 1978 with a Zeiss RMKA 15/23 camera with a 152 mm. lens. 

The photographs were provided at a scale of 1:12,000 and photointerpretation 
resulted in a series of transparent acetate overlays showing slope classes, soil 
surface colors, vegetative species and percent cover, and land cover categories 
within each of the 20 intensively studied mine sites. The area covered by each 
land cover category was measured with a planimeter, and these measurements served 
as ground "truth" for the quantitative accuracy assessment of thematic maps 
derived from the simulated TM data. 

DIGITAL IMAGE DATA 

The Landsat-3 MSS and the NSOOl aircraft multispectral scanner acquired the 
digital image data analyzed in this study. The MSS data were acquired on 
September 29 and 30, 1978 and each study area corresponded to a 500 pixels-by-500 
scan lines subset of a Landsat scene. The NSOOl scanner was flown over the study 
areas aboard a C-130 aircraft on June 14, 1979. The NSOOl (ref. 8) has beer dubbed the 
"Thematic Mapper Simulator" because it obtains data for spectral bands identical 
to those planned for the TM. Unfortunately, the data channels corresponding to 
TM bands six (2.08-2.35 pm) and the thermal band (TM hand seven, 10.4-12.5 pm) 
were not operating during the flights over the study areas. The atmosphere above 
the areas was clear during all the data acquisition dates. Additional 
information pertaining to the digital image data is presented in Table II. 

DATA ANALYSES AND RESULTS 

CLASSIFICATION SCHEME 

A critical aspect of the analyses was the specification of a useful land 
cover classification scheme. A hierarchical scheme based on the Anderson 
classification system (reference 9) was devised, and surface mines were elevated 
to a Level I category (Table III). The more detailed Level II and III categories 
under surface mines were chosen to emphasize land cover types which seemed both 
useful for surface mine inspection and amenable to recogni<-ion via the digital 
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analyses of the muHlspectral data. This scheme was applied to the 
interpretation of the aerial photography and the generation of thematic maps. 

DIGITAL ANALYSIS SYSTEM 

Most of the digital analyses were performed using General Electric Company's 
IMAGE-100 interactive image analysis system. The system enables quick color 
display of multispectral image data on a cathode ray tube and provides image 

enhancement and classification capabilities in both interactive and batch modes. 
Several preprocessing tasks were conducted using software of the SMI PS/VICAR 
Image Processing System. 

PREPROCESSING 

Geometric rectification was performed on both the aircraft scanner data and 
the Landsat MSS data. The aircraft scanner data were resampled to the 30 m. 
resolution expected from TM data and were corrected for the foreshortening (scan 
angle) effect caused by the instrument's wide scan angle (+50°). A bilinear 
transformation manped the pixel locations of the original ?ata to the appropriate 
locations within the corrected image, and the gray levels of the corrected image 
were computed by bilinear interpolation. The Landsat MSS data were geometrically 
corrected for a skew caused by the Earth's rotation under the satellite. 

FALSE COLOR IMAGES 

False color images were derived from both the Landsat MSS data and the 
simulated TM data. The MSS images were generated using MSS bands four, five, and 
seven (blue, green, and red), and the simulated TM images were derived from the 
data channels corresponding to TM bands three, four and five (blue, red, and 
green). All of these data were linearly contrast stretched to enhance the 
imagery. The images were displayed at a scale of 1:75,000. 

A visual comparison of the imagery revealed potential benefits of TM data. 
Surface mines were evident in the MSS imagery, but the mine boundaries were more 
distinct in simulated TM imagery. Discrimination between bare agricultural 
fields and surface mines was easier in the simulated TM images due to a better 
definition of field shapes. Overall, the simulated TM images presented more 
detail and were easier to interpret than the MSS images. 

THEMATIC MAPS 

Thematic maps were also derived from both the MSS data and the simulated TM 
data. The maps were generated via supervised training of category statistics 
followed by the use of a parallelepiped classifier. Due to limitations of the 
image analysis system, only four of the simulated TM data channels (TM bands two, 
three, four, and five) were applied to the thematic mapping. 

The surface mine categories of the classification scheme proved difficult to 
map. Surface mines appeared spectrally heterogeneous and spatially complex 
within both the MSS digital images and the simulated TM digital data. In the 
analyses of both data types, several spectral classes were associated with each 
surface mine category in order to account for the spectral heterogeneity. 
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The detailed Level III mine categories could not be reliably Identified 
via the analysis of the MSS data. Locating suitable training areas for these 
categories was difficult at the 80 tn. MSS resolution. Also, the low resolution 
of the data combined with the spatial complexity of the mined surfaces limited 
the number of pure pixels for the detailed categories. This result Is consistent 
with past Investigations In which MSS data were found inadequate for mine 
inspection. 


The Level III surface mine categories were accurately Identified and mapped 
via the analysis of the simulated TM data. Training areas could be located 
within the 30 m. resolution data and the categories were spectrally separable. 
The pixels classified into each category were counted within the ?0 Intensively 
studied mine sites. The pixel summations were then converted to units of area 
(hectares) and compared to the ground reference data. As shown In Table IV, the 
areal extent of each detailed surface mine category was accurately mensurated. 

CONCLUSIONS 


Surface mines present complex targets for remote sensing Instruments. The 
composition, color, and texture of the mine spoil varied widely among and within 
the mines of the Pennsylvania study areas. The spoil was distributed on slopes 
ranging from near level to 30 degrees at all aspects. The percent ground cover 
on revegetated areas varied from near zero to 100 percent, and the cover 
consisted of a variety of grass, forb, legume, and tree species. Surface mines 
are topographically irregular, spatially complex, and spectrally heterogeneous. 

Despite these factors the potential utility of TM data for surface mine 
inspection was demonstrated. Thematic information which reliably characterized 
mine complexities could not be extracted from Landsat MSS data, but detailed 
land cover categories within mines were identified, mapped, and accu^dtely 
mensurated via the digital analysis of simulated TM data. Information of this 
sort will enable mine Inspectors to evaluate reclamation activities and 
ascertain compliance with regulations. Thus, the launch of the Thematic Mapper 
should enhance our present capabilities for surface mine inspection. 

FURTHER RESEARCH 


Many questions remain regarding the potential utility of TM data. Needed 
research includes more rigorous evaluations of results derived from TM simulator 
data, identification or development of analysis techniques which take full 
advantage of TM data improvements, and determination of whii-h TM data 
charartcristics—spatial , spectral, or radiometric— -are most responsible for 
increases in extracted information. Such research will continue with the TM 
simulator data used in this study. 

Additional preprocessing will be performed on the TM simulator data. Efforts 
are underway to compensate for radiometric distortions resulting from the NSOOl 
scanner's wide scan angle. The data will also be registered to the Universal 
Transverse Mercator cartographic projection. Following preprocessing, 
evaluations will determine how closely the data correspond to the anticipated 
characteristics of TM data. 
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More sophisticated analysis techniques will be applied to the TM simulator 
data. The use of unsupervised training, maximum likelihood classifiers, and 
spatial information will be investigated. The application of TM data 
transformations such as band ratios and principal components to surface mine 
inspection will be studied. Digitized ground reference data will be registered 
to the TM simulator data tn allow the assessment of results with respect to the 
proportion of pixels correctly classified as well as area mensuration. 


Efforts will also be made to isolate the effects of the individual TM 
improvements: finer spatial resolution, additional spectral bands, and 
greater quantization levels. Separate data sets will be generated by 
resampling the TM simulator data to an 80 m. resolution, by degrading the eight- 
bit 1ata to six bits, and by eliminating the data corresponding to the TM's 
middle infrared spectral band. The accuracy of tliematic maps derived from 
each of the alterec data sets will be compared to the accuracy of thematic 
maps derived from the unaltered TM simulator data. 

The launch of the Thematic Mapper aboard Landsat>D presents exciting 
possibilities for the remote sensing comnunity. Research has indicated that 
an enhancement of remote sensing capabilities will result. Further research 
with simulated TM data is required to prepare the user community for the 
analysis and full utilization of the actual data. 
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Table I. Sensor Characteristics 
TM and MSS (Ref. 10). 


SPECTRAL THEMATIC MAPPER 

BAND (TM) 


RADIOMETRIC 

MICROMETERS SENSITIVITY (NEAp) 


1 

0.45 

0.52 

0.8X 

2 

0.52 

0.60 

0.5% 

3 

0.63 

0.69 

0.5% 

4 

0.76 

0.90 

0.5% 

5 

1.55 

1.75 

1.0% 

6 

2.08 

2.35 

2.4% 

7 

10.40 

12.50 

0.5K (neat) 

RFOV 



SOM (Bands 1-6) 




120M(Band 7) 

DATA RATE 



85 NB/S 

QUANTIZATION 

LEVELS 



256 


for the Landsat-D 


MULTISPECTRAL SCANNER 
SUBSYSTEM (MSS) 


MICROMETERS 

RADIOMETRIC 
SENSITIVITY (NEAp) 


0.5 0.6 

0.57% 


0.6 0.7 

0.57% 


0.7 0.8 

0.65% 

ll 

» 

CD 

• 

O 

0.70% 


3s 

82M (Bands 

1-4) 



15 MB/S 


64 



Table II. 


Acquisition Date 
Altitude (Km) 

RFOV (m) 

Quantization levels 
Scan Angle 


Level I 

1 . Urban 

2 . Agriculture 

3. Forest 

4. Water 

5. Wetland 

6. Surface Mines 
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HSS and TM Simulator Data Acquisition Information 


Landsat-3 Nultlspectral Thematic Mapper 

Scanner Subsystem (MSS) Simulator (NSOOl) 


September 29 and 30, 1978 
919 
82 

6 bit 
+5.78® 


June 14, 1979 

6.1 

15 (at nadir) 
8 bit 
+50® 


Table III. Classification Scheme 


Level II 


Level III 


2.1 Row Crops 

2.2 Bare Sol i 

2.3 Pasture 

3.1 Deciduous 

3.2 Coniferous 

3.3 Mixed 


6.1 Barren 

6.2 Revegetated 


6.11 

Graded 

6.12 

Ungraded 

6.21 

Grass 

6.22 

Trees 
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Table IV. Accuracy of Level II and Level III Surface Mine Lategory 
Area Measurements 


Category 

Level II Level ill 

Barren 

Graded 

Upgraded 


Accuracy' of 
Measuremerit from 
TM Simulator Data 


Ground 

Reference 


0.9S 


776.8 


0.89 


413.9 


0.88 


362,9 


Revegetated 


0.93 


Grass 

0.84 


Trees 

0.71 


758.7 
380.0 

378.7 


Measurement - Ground Reference 
^Accuracy = 1 - 


Ground Reference 
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MONITORING LAND C(mVERSIONS FR(»t FOREST, WETLAND TO AGRICULTURE 


ABSTRACT 


Mary Louise Duddlng 
Land Management Information Center 
Minnesota State Plashing Agency 

OrlfiMl jbetCM!:r?.-''y z--; ia jarohaseA 

ftm IP"* l>!:ta Ceaior 
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This project Investigated the utility of Landsat data in monitoring large* 
scale land clearance and drainage activities in a forest/wetland environment in 
northern Minnesota* Landsat tapes from 1973, 1978 and 1980 were used in a multi* 
temporal unsupervised land cover classification of the 9 x 15 mile site* Results 
showed quite clearly and in a cost-effective manner where the greatest activity 
had occurred* It was also possible to integrate the Landsat data with other data 
available through the Land Management Information Center’s (LMIC) geographic 
information system* 


BACKGROUND 


Nationwide, there is serious concern that the United States is losing 
significant amounts of agricultural land* In the area described in this case 
study, the reverse is occurring — new agricultural land is being created out of 
forest and peat bogs — but this process, too, is causing concern to state and 
federal agencies* 

The site under examination is in Aitkin County in the northeastern part of 
Minnesota, an area of 1,828 square miles and 11,169,920 acres (Figure 1)* The 
land cover is predominantly forest, both upland and lowland, and wetlands /bogs 
interspersed with lakes* The area is sparsely populated* The climate, with its 
short growing t;eason, is a constraint on many kinds of comnercial agriculture, 
and parts of the county are laced with unused drainage ditches built during the 
early part of the century in a largely unsuccessful attempt to bring agricultural 
activity to this part of the state* The area does support some agricultural 
enterprises in forage crops and small grains with some recent developments in 
man*made wild rice paddies. 

Into this setting several years ago came a land developer who bought up land 
in the county until he had amassed more than 50,000 acres, or about 10% of the 
privately held land* Eventually, it became known that he intended to clear and 
draxn about 25,000 acres to be resold for various agricultural purposes. The 
remainder would be left in its natural condition to be sold as recreational land* 
By late 1980, it was estimated that he had already cleared and drained between 
7-10,000 acres, reopened some abandoned drainage ditches and dug many new ones. 

The Aitkin County Commissioners have enthusiastically supported this 
drainage project which is, however, in violation of several state and federal 
lavs. In Minnesota, it is illegal to drain a wetland over 10 acres in size 
without obtaining a permit from the Minnesota Department of Natural Resources 
(DNR) and agreeing to put an equal number of acres back into public wetlands* 
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To date, the developer has ignored requests froa the DMR to go through the per- 
•itting process. 

The U.S. Amy Corps of Engineers says that the developer is in violation of 
Section 301 of the Clean Water Act for discharge of dredged aaterial Into several 
area lakes and rivers. Upon coapletlon of an envlronaental assessaent the Corps 
issued several cease and desist orders which the developer has ignored. In 
addition, coaplaints have been made by several of the area's trlld rice faraers 
that the new drainage has lowered the water table sufficiently so that the 
paddies no longer hold the required water. 

In late 1980. the Minnesota Enviroraental Quality Board and the Environaental 
Review Section of the Minnesota DepartsKnt of Natural Resources contacted the 
Land Manageaent Inforaatlon Center (LMIC) to explore possible ways of aonitorlng 
these changes. Shortly thereafter, the Soil Conservation Service agent in 
Aitkin County also contacted LMIC. citing his concerns over the extensive changes 
in his area. LMIC offered to dmonstrate the capability of Landsat to aonitor 
this type of change in Aitkin County. 


METHODOLOGY 

HARDWARE 

IXIC utilizes a Prime 550 nlnl-cooputer with a 1024kb meaory. Landsat 
classifications are done at a DeAnza IP5524 image processing station which in- 
cludes an image array processor with 756kb refresh memory and a 512 x 512 
high-resolution color monitor. 


SOFTWARE 

LMIC has developed its own Landsat classification software called EPP. CLASS. 
It can be integrated with the standard Minnesota Land Management Information 
System (MLMIS) Environmental Planning Progranmlng Language (EPPL) software for a 
variety of analyses and graphic displays. For this project, an unsupervised 
classification was used. The EPP. CLASS technique develops training sets based 
on searching for areas of homogeneity of at least five pixels in size. Between 
30 and 50 individual cover types are ordinarily identified by this process and 
these training sets form the basis for the classification scheme. A maximum 
likelihood classifier was used for this project. 

LMIC software is also used to transform the Landsat data into a standard 
UIM grid cell format. This step becomes the basis for integrating Landsat 
data with other data in the system such as land use, soil type or forest cover 
type. 
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LANDSAT DATA 




Landsat tapes were acquired for three dates: May 1973, May 1978 and 

July 1980. The size of the pilot area was determined by concentration of drainage 
activity and by areas of cloud cover in the 1980 scene. The 1980 tape was in 
the ED IPS format. 


CLASSIFICATION PROCESS 

The image was first windowed to avoid the cloud-covered areas. The pilot 
area was approximately 9 x 15 miles with the Mississippi River running from 
northeast to southwest diagonally through the site. 

To correct the images geometrically and to register them to one another, 

20 ground control points were digitized from five USGS 7.5-mlnute topographic 
maps. After several attempts at registration and the addition of several more 
ground control points, the scenes were resampled to a 50-meter UTM grid using the 
nearest neighbor technique. 

The first unsupervised classification utilized EPP. CLASS to do a 3 pixel by 
3 pixel "moving window" analysis to locate areas of homogeneity. Fifteen cover 
classes resulted. It was felt that better separation of spectral classes would 
Ifflorove the results so the scenes were reclassified into 29-31 categories. 


RESULTS 

For each scene, the 29-31 spectral classes were aggregated into seven cover 
types: (1) lakes und open water, (2) rice paddies with standing water, (3) other 

rice paddies and bogs, (4) open land, pasture, forage crops and grassy sloughs, 

(5) low trees and scrub vegetation, (6) forest, and (7) bare ground. 

Ground truth used included USGS topographic quads (1973) and 1:24,000 blue- 
line prints made from 1:90,000 black and white air photos (1977). Persons 
knowledgeable about the area were queried but a shortage of time did not permit 
actual field checking of cover types. 

It was not practical to reproduce the full color classifications in this 
paper. Figures 2, 3 and 4 show a black-and-white summary of the unsupervised 
classifications. Water, wild rice paddies and the major areas of land clearance 
and drainage are shown in gray tones. The remainder of the classes have been 
suppressed to present more clearly the significant cover types. 

In 1973, (Figure 2) the locations of a few wild rice paddles are clearly 
shown. By 1978, (Figure 3) some of these paddies have been expanded but no 
major clearance or drainage projects are evident. Figure 4, however, shows a 
significant amount of land conversion. The large dark gray block in the upper 
right-hand comer represents an area of about 5,000 acres which has been converted 
into potential agricultural land. Moreover, several of the rice paddles which 
had been closest to this drained area no longer appear in the 1980 scene. This 
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disappearance might lend support to the contention that the lowering of the water 
table had adversely affected some wild rice growers. 

Landsat data were also integrated with several sets of data from the MLMIS 
Geographic Information System. The site was overlaid with township lines, section 
lines and 40-acre parcel boundaries. A digital terrain tape for this area from 
the National Cartographic Information Center was also processed and Integrated 
with the Landsat data. It expressed the topography of the area in one-foot 
contours. Land use/cover data from 1967 air photos, originally coded by 40-acre 
parcels, were resampled to a 50-meter UTM cell so that it could be more easily 
compared with the Landsat classification. 


CONCLUSIONS 


The unsupervised classifications used here satisfactorily show areas of 
large-scale clearance and drainage for agriculture purposes. This kind of 
monitoring could be done annually by training on large areas of bare ground. 

No attempt has yet been made to quantify overall accuracy for each land 
cover type. The classifications presented here must be considered as preliminary 
since no field verification was attempted, and there is no doubt that further 
ground truth would result in improved accuracy. 

Even with the limited amount of ground truth available and the relatively 
short amount of time spent on this project, it appears that Landsat technology 
does represent a satisfactory method of regularly monitoring large-scale changes 
in forest /wetland areas which are being converted to agriculture. Perhaps more 
signif icaat , this technology allows for the easy integration of monitoring data 
with other data such as soil type, forest cover or watershed boundaries available 
in an ongoing geographic information system. 
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AREA ESTIMATION OF FORESTLANDS IN SOUTHWESTERN MICHIGAN 
FROM LAITOSAT IMAGERY* 

Michael A. Karterls and William R. Enslln 
Center for Remote Sensing 
Michigan State University 
East Lansing, Michigan 

Jerry Thiede 

Forest Management Division 
Michigan Department of Natural Resources 
Lansing, Michigan 


ABSTRACT 


This study evaluated the accuracy of mapping and est'*.mating the area of 
forestlands In southwestern Michigan from winter and fall Landsat Images. All 
omission and commission errors In the Landsat forest maps were Identified and 
mapped through comparison with an existing detailed forest cover type map. Ac 
curacies ranged from 74.0 to 98.5 percent and were higher for the winter imageiy. 
Most errors (85%) occurred along the perimeter of forestlands and were less than 
4 hectares (10 acres) In size. Other factors affecting Interpretation are re- 
ported as well as time and image availability considerations. 

INTRODUCTION 


The Forest Management Division of the Michigan Department of Natural Re- 
sources (MDNR) needs a simple, inexpensive and reliable method for providing 
up-to-date county-level forest resources information. Presently, forest data 
are gathered periodically through the cooperative efforts of the MDNR, the U.S. 
Forest Service and the forest industry in Michigan. The major forest inventory 
of the entire state is the Michigan Forest Survey. However, the survey is con- 
ducted only every 10 to 15 years, it is not site-specific and it is statisti- 
cally reliable only on a multi-county basis. The Forest Management Division 
is interested in whether accurate forest information on a county basis can be 
derived cost effectively from Landsat data. 

Studies have been conducted to investigate, evaluate and demonstrate the 
use of landsat data in mapping forest resources (refs. 1,2,3,4,5,6) . This 
paper summarizes the results of a one-year study that assessed the accuracy of 
mapping and estimating the area of scattered forestlands in southwestern Michi- 
gan from Landsat imagery (ref. 7). Scattered small forestlands were of Interest 
because the ratio of their perimeter length to areal extent is higher than 
those of extensive contiguous forests. In term'’ of image Interpretation and 


*Thls research was supported by NASA Grant NGL 23-004-083 and the Michigan 
Department of Natural Resources, Forest Management Division. 
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mapping, an interpreter haa to identify and delineate many more foreat unite 
and boundaries which increases the probability of committing identification and 
boundary errors. 

The objectives of this study were: 1) to map forests using different Land- 

sat image products from two seasons; 2) identify and map all errors by comparing 
the Land sat-de rived forest maps with a detailed forest cover type map; 3) assess 
the accuracy of interpretation; 4) analyse the factors contributing to error; 
and 5) evaluate time, cost and image availability considerations. 

STUDY AREA 


Barry County in southwestern Michigan was selected as the study area be- 
cause a detailed forest cover type map and recent aerial photography were 
available. This county contains many scattered forested areas of various sizes 
and shapes within its land area of 144,780 hectares (357,751 acres). Over 26 
percent of the county is covered by forests which consist of many of the forest 
cover types found in Michigan. Of these forestlands, 99.2 percent are capable 
of producing commercial timber and two-thirds of them are in private ownership. 

Agriculture is the major land use (552) in the county and includes farming, 
livestock, dairy and poultry production. Principal crops are corn, wheat, oats, 
soybeans and dry beans. 

Terrain varies from level In the eastern townships to gently rolling In 
Che west. There are numerous wetlands although well drained soils (loams and 
sandy loams) predominate throughout the county. 

DATA SOURCES 


It was decided that the optimal Landsat Image may be a cloudless winter 
scene with snow cover on the ground but not on the trees. Under this condition, 
the tonal contrast between forested areas and other land cover types is very 
high. For comparative purposes, an additional Landsat scene taken during the 
growing season would be used. 

A Landsat scene from February 26, 1979 (E- 30358-15475) and one from Sep- 
tember 12, 1979 (E-30556-15460) were selected from available scenes produced on 
Che EDIPS (EROS Digital Image Processing System) equipment. EDIPS Imagery t;as 
preferred because the system has improved Landsat Image quality by employing 
processing routines for radiometric and geometric corrections, haze removal and 
edge enhancement. 

Two image products of each Landsat scene were selected for Interpretation: 
a Band 5 positive and a false-color composite of the winter scene, and a false- 
color composite and a dlazo-enhanced color composite of the fall scene. All of 
the images were 185mm x 185mra (7.3 in. x 7.3 In.) transparencies. 

The dlazo color composite was produced to enhance (contrast stretch) 
forested areas using a density-specified process (refs. 8,9). Film exposure for 
each band was determined through densltometric analysis of forest areas clearly 
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depicted on ell bleck-end-whlte bend posltlvee end uee of cherecterlstlc density 
(seneitonetric) curves for eech diezo fils. The felse-color co^oslte consisted 
of one yellow diezo copy of Bend 4, three negente copies of Bend 5 end one cyen 
copy of Bend 7. 

The priaery source of reference (ground truth) dets was a recently con- 
pleted forest cover type nap of the county (ref. 10). The nap was prepared froai 
photointerpretation of 1:30,680 scale color infrared (CIR) photography taken in 
1974. In cases where discrepancies between the Landsat forest naps and this sap 
were found, available 1:24,000 scale CIR photography acquired in 1978 was used 
to resolve differences. 

METHODOLOGY 


Separate forest naps end area estisMtes for the county were derived fron 
visual interpretation of the four Landsat laages. Forest areas as snail as one 
hectare (2.5 acres) were delineated fron these inages onto 1:50,000 scale county 
base naps using a precision rear projection ^ 3 fsten. 

The Interpretation entailed the identification and delineation of the 
boundaries of all forest areas without considering forest type or condition, and 
vas perfomed by one interpreter. Prior to Interpretation, the interpreter 
trained hinself to recognize the appearances of forest? ands on each laage 
through analysis of a test area. To sdnlaize bias in interpretation decisions 
due to experience gained fron a previous interpretation, the sequence of inter- 
pretation alternated between winter and fall scenes with a one-week break be- 
tween scenes. An interpretation overlay showing the boundaries of forestlands 
W!i8 prepared from each Landsat Inage. 

The existence of the forest cover type nap of the county permitted a cosi- 
plete assessment of the accuracy of interpretation. All errors in each Landsat 
forest nap were identified and delineated onto separate overlays (fig. 1) 
th' ough comparing each zap superimposed on top of the forest cover type map. 
Registration was done on an individual forest tract basis since the geometric 
projections of the Landsat imagery (Hotine Oblique Mercator) and the reference 
map (polyconic) weie different. 

Omission errors were classified into forest type, stand size and density 
classes and commission errors were divided into seven land cover/use categories 
(table I). The omission and commission errors were further separated into 
boundary or identification errors. Boundary errors are areal differences in 
the perimeter (size and shape) of individual forestlands between the Landsat 
maps and reference map. Errors due to misinterpreting an entire forest tract 
or identifying a non-forest cover area as forest were considered identification 
errors. Identification errers are the most serious because individual parcels 
of land of a certain class are absolutely lost by assigning them to another 
class. 

rjiother category was identified but not included in the accuracy assess- 
ment because it did not represent Landsat classification error. This category 
consisted of individual forestlands that were correctly interpreted on the 
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Landsat images but were not shown on the forest type map. These lands, verified 
on recent aerial photography, were considered **over looked forests” on the ref- 
erence maps. Forested areas which had been harvested since the compilation of 
the forest cover type map were also included in this category. 

The frequency and areal extent of each type of error was determined for 
each Landsat map. Areas were estimated using a cell grid having a 0.25 hectare 
(0.625 acre) cell size. All values were rounded off to one decimal place. 

RESULTS AND DISCUSSION 


Three types of agreement or accuracy were calculated: interpretation, 

classification and mapping* Interpretation agre^ent expresses the relative 
proportion the total forest area mapped from Landsat to the total reference 
(actual) forest area of the county without considering errors of omission or 
consnission. This type of accuracy is non-site specific and, therefore, is use- 
ful only if total area estimates are needed. Classification agreement expresses 
the relative proportion of the actual forest area that was correctly mapped as 
forest from Landsat taking into account only the omission errors. As such, it 
indicates how accurately individual forest tracts were identified without con- 
sidering the misinterpretation of non-forested areas as forests (i.e., commis- 
sion errors). Mapping agreement provides a measure of the locational or posi- 
tional accuracy of the interpretation maps (ref. 11). It expresses the relative 
proportion of the actual forest area that was correctly mapped as forest, taking 
into account both errors of omission and commission. 

The accuracies achieved with each type of Landsat image are given in table 
II. Overall, the accuracies ranged from 74.0 to 98.5 percent and were higher 
for the winter scene than the fall scene. Mapping accuracy (which has the 
greatest validity) was the highest for the winter false-color composite (88.3 
percent), whereas the diazo enhancement of the fall scene improved the mapping 
accuracy over the fall false-color composite. Considering all types of accuracy, 
the winter false-cclor composite image provided the most accurate forest map of 
the county, although a diazo-enhanced image of the winter scene may even further 
improve accuracy. 

An investigation was made of the laajor factors affecting interpretation 
errors. A summary of the various interpretation errors by type of Landsat 
image is presented in table III. Over 83 percent of all commission and omission 
errors were boundary errors. The accuracy of identifying Individual forest 
tracts from Landsat imagery (not considering their area) would, therefore, be 
substantially higher than those presented in table II. 

An analysis of the size of the error units showed that most areas were Jess 
than 4 hectares (10 acres) in size. Thus, if one is interested only in mapping 
forestlands larger than ^ hectares, the accuracy achievable may be improved. 

Evaluation of the commission errors indicated that agricultural land was 
the major component of error, followed by treed bogs, brashland and urban trees. 
This was expected because of the high percent of boundary error and agriculture 
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being the major land use in the county. However, a.'curacy may be isiproved if 
treed bogs and brushlands are considered forested areas. 

'.lie frequency and area of misinterpreted forest cover type categories 
(omission errors) were proportional to their occurrence in the county. Both 
stocking level (density) and stand size affected the interpretability of all 
forest cover types. Forest stands of lower stocking level and small stand size 
were more often misinterpreted; however, stocking level contributed more to 
omission error than st a size. 

The amount of time spent on interpreting each Landsat image, including 
registration, training and interpretation, was recorded. The total time re- 
quired to map the forests of the county ranged from about 13 hours for the 
winter color composite to 21 hours for the fall color composite. 

Another factor considered was the availability of Landsat images for a 
given season. All available Landsat images of the countv taken between 1972 and 
1980 were classified according to frequency and percent cloud cover. A total of 
186 Landsat images have been taken since 1972 and, of these, only 13 images (7 
percent) have no cloud cover. Over 64 percent of all images and over 93 percent 
of the winter scenes h;:*ve a cloud co,er of more than 40 percent. The availa- 
bility of cloud“free winter images is definitely much lower than clear fall 
images. 

CONCLUSION 


This study found that accurate acreage estimates of forestlands can be de- 
rived from Landsat imagery. The total forested area in Barry County was es- 
timated to be within 3 percent of reference data, although site-specific 
accuracies of the Landsat images ranged from 74.0% to 88.3%. The false-color 
composite of the winter Landsat scene (with snow cover) provided the most ac- 
curate forest map and diazo enhancement improved the accuracy achievable from 
the fail Landsat scene. 

In light of the accuracy levels achieved, and considering the relative 
efficiency and availability of the technology, the Forest Management Division, 
Michigan Department of Natural Resources, believes that Landsat-derived forest 
statistics can provide a valuable supplement to current forest resources data. 
It is also likely that Landsat can provide the first level forest area statis- 
tics in the periodic forest surveys and be used to update some of those 
statist ics. 
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Quautv 


Table I 

Forest Type and Land Cover/Use Classification System 


Error 

Class 

Category 

Symbol 

Description 


Pine 

Pq- • ‘**9 

Stands ranging from re- 
generation to full 
stocking sawtlmber 


Oak-Hickory 

Oq. • .0, 

•1 

c 

Northern Hardwoods 

Mq. . .M, 

tl 

o 

•H 

CO 

Aspen 

Aq. . .A^ 

U 

CO 

•H 

g 

Lowland Hardwoods 


tt 

Mixed Hardwoods 


It 


Conifer Swamps 

Qq.-.Q, 

tt 


Spruce-Fir 

Sq.-.S^ 

tt 


Locust 

® 0‘"®9 

It 


Agriculture 

A 

Areas supporting agricul- 
tural crops 


Treed Bog 

»0 

Adverse sites supporting 
trees with more than 102 
crown cover 

c 

Upland , Lowland 
Brush 

B- . . . B, 
1 A 

Areas with brush of vari- 
able maturity and stock- 
ing and trees of less 
than 102 crown cover 

0 

GO 

QO 

•H 

1 

Scattered Trees 

T 

Areas supporting trees 
with less than 102 crown 
cover 

O 

o 

Urban 

U 

Urban areas without 
trees or other brush 
vegetation 


Urban-Trees 

UT 

Urban areas with tree 
vegetation 


Water-Marsh 

W 

Areas permanently or 
periodically covered 
by standing water 
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Table II 

Classification, Interpretation and Mapping Agreenent by Type of Landsat Inage 


TYPE OF LAMDSAT IMAGE 


Agreement 

Black-and-Whi tc 
Winter 

Color Fall 

Color Winter 

Diazo Fall 

Total 

Forested 

Acreage 

Acreage t 

Acreage % 

Acreage % 

Acreage % 

Classification 

56879.0 95.0 

51513.2 86.0 

55613.7 92.8 

53571.9 89.5 

59876 

Interpretation 

66161. S 89.5 

61265.7 97.7 

58720.5 98.1 

60751.9 98.5 

Mapping 

1 

56879.0 82.2 

51513.2 74.0 

55613.7 88.3 

53571.9 79.9 


Table III 

Errors of Interpretation Performance by Type of Landsat Image^ 
for Barry County, Michigan 








T 

TOC 

0 r 

L A N 0 

SAT 

1 n « 

c e 








Color roll 

color motor 


DUoo 

roll 




Pr«q««ACT 


FrvquMcr 

AcrM9« 

Fro^uoncy 

Acr 0050 

Fro^uowey 

Acres5« j 


Error 

Ab«. 

• 

J0>S. 

0 

Ata. 

% 

Abo. 

0 

Abo. 

0 

Abo. 

0 

Abo. 

% 

Ab». 

% 

c 


1255 

• taO 

7500.5 

04.1 

1151 

52.2 

5113.5 

51.4 

402 

• 7.4 

2401.0 

Ol.i 

1127 

54.1 

4557.4 

54.5 

#4 

m 

m 

I 


ISt 

Ua2 

1253.4 

13.5 

55 

7.0 

4)0.4 

4.4 

40 

12.4 

503.0 

14.2 

44 

3.5 

222.4 

3.1 

o 

u 

B 

141) 

lOOaO 

5202.5 

100. 0 

1251 

100.0 

5752.5 

100.0 

550 

100.0 

3104.0 

100.0 

1171 

100.0 

7100. 0 

100.0 


H 

5»1 

00a • 

2470.0 

05.1 

1017 

05.4 

7254.4 

• 7.2 

• 70 

51.1 

1754.0 

15.1 

534 

•4.0 

5445. 1 

04.7 

o 

m 

m 

H 


40 

0.2 

324.2 

10.5 

172 

14.4 

1040.4 

12.0 

04 

0.5 

445.5 

10.5 

1 152 

14.0 

• 35.0 

13.3 

o 

B 

451 

100.0 

2557.0 

100.0 

1105 

100.0 

•142.0 

100.0 

544 

100.0 

4242. 1 

100.0 

lOOO 

100.0 

4304. 1 

100. 0 


^Total forvvt acra*,*: 59,t7t met—. 

acTcaqa valuM raprasant tha niartiar of acraa Incorractlf intarpratad. Thay ara axpraaaad in acra, in all aubaaquant tablaa 
an<1 qrapivs. 
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i I Forests Correctly Identified Overlooked Forests 

HH Commission Errors HI Omission Errors 


Figure 1. Forest Interpretation Map from the Color Fall Image of Wood-^ 
land Township, Barry County, Showing Commission and Omission Errors. 

See Table 1 for explanation of codes. 
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APPLICATION OF REMOTE SENSING TO 
LAND AND NATER RESOURCE PLANNING: 
THE POCOMOKE RIVER BASIN, MARYLAND 


Stan E. Wildesen, Planning Engineer, Soil Conservation Service 

Salisbury, Maryland 


Edward P. Phillips, Chairman, Pocomoke River Advisory 
Connittee, Berlin, Maryland 


ABSTRACT 


The Poccmioke River Advisory Comnittee (PRAC) in conjunction 
with the Soil Conservation Service (SCS) , United States Department of 
Agriculture, conducted a study of the PocoDOke River Basin, Marylauid 
to develop a cos^rehensive resource management plan that provides for 
the management and protection of the natural resources of the river. 

Because of the size of the river basin, the inaccessibility of 
certain areas and study time constraints, several remote sensing 
techniques were used to collect base information. This information 
provided an adequate underst€utding of the environment euid its re- 
sources, thus enabling effective management options to be designed. 

The remote sensing techniques used for assessment included manual 
analysis of high altitude color-infrared (IR) photography, computer- 
assisted analysis (ORSER) of Landsat-II imagery, and the application 
of Airborne Oceanographic Lidar (AOL) for topographic mapping. 

Results show that each technique was valued>le in providing the 
needed base data necessary for resource planning. 


INTRODUCTION 


The Pocomoke River Advisory Committee requested a special river 
basin study to be initiated by the Soil Conservation Service, USCA. 

This study focused on the upper portion of the river between Snow Hill, 
Maryland and the Delaware State Line. Historically, this section of 
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ti:« riv«r has bssn naintainsd by dredging. In recent years the dredged 
cha.'nel has become inefficient because of sedimentation^ windfalls and 
debris. This has caused severe drainage problems especially during 
periods of high rainfall. This study concentrated on the management 
and balance of agricultural drainage d«nands with environmental and rec- 
reational concerns. The latter group is concerned with the preserva- 
tion of natural flora and fa\ina indigenous to the swamp ecosystem 
flanking both sides of the river. The solutions Involved a considerable 
amount of data acquisition for a multitude of paraMters. Perhaps the 
most important of these inputs necessary to predict potential impacts 
of any action was the hydraulic and hydrologic conditions of these eco- 
systems. Through the use of remote sensing base data were obtained to 
analyze these conditions. 

Major examination centered on the river corridor / a 23.2 km. 

(14.4 ml.) channel and a 1.2 km. (0.75 mile) %K>oded floo^lain. This 
corridor still contains the old river l>ed, its oxbows, the dredged 
channel of 24.3 m. (80 feet) top width and 1.5 m. (5 feet) high spoil 
piles. During the channel construction in the 1940 *s continuous spoil 
piles were placed on both sides of the river resulting in individual 
vegetational patterns. 

High altitude color infrared (ZR) photography was used to high- 
light unique areas in the corridor and throughout the basin. It was 
the purpose of Landsat-II MSS analysis to document these present 
patterns, compare with color IR results and use as follow-up for future 
assessment etfter the implementation of several management schemes. 

Airborne Oceanographic Lidar (AOL) application for topographic 
mapping was used with available ground survey data to document the 
available floodwater storage and model the hydrologic conditions that 
can occur. 


HIGH ALTITUDE PHOTOGRAPHY 


IMAGERY SELECTION 


High altitude 18240 m. (60,000 ft.) color infrared (IR) photogra- 
phy, NASA mission 74-039, dated March 13, 1974, was chosen for analysis. 
This flight represented the most promising for wetland interpretation 
because of high water and defoliated condition. This condition revealed 
definitive boundary lines that allowed separation of wetland forest. 

Color infrared 91 cm. X 91 cm. (36 in. X 36 in.) paper photos were 
chosen because of the inexpensive cost. At a cost of $250,00, five (5) 
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f rants providad nora than conplata covaraga of tha basin. Tha undar- 
flight photography was chosan for %»atland idantiflcation and as tha 
prinary sourca for data collaction. 

This nathod has provan succassful in othar studias. This seals, 
approximataly 1:29,000, naadad to show anough datail for small wet- 
land units but still provide anough information for total anvironmantal 
and agricultural considerations. 


CIASSZFICATION AND IDENTIFICATION 


The five frames, 91 cm. X 91 cm. (36 in. X 36 in.) paper photos, 
ware covered with .0127 cm. (0.005 in.) frosted mylar drafting film 
overlay. The frames were than quartered to enable a convenient use 
for field checking. Suspected areas of wet forest were delineated on 
the mylar with No. 2 pencil. 

Field investigation performed to identify areas by wetland vege- 
tation types wu based on the United States Department of Interior, 
Fish and Wildlife Service, Circular 39. 


IMAGERY INTERPRETATION AND DELINEATIC»< 


Interpretations of infrared photography showed two major loca- 
tions of the wetlands. There were (1) depressions found on upland 
flats that were dispersed and isolated, and (2) systematic wetlands 
located along the riverine systems. In the uplauid the photography 
Iielped locate the sites and likely access routes. It also determined 
the general shape and geometry of the areas. At riverine systems, the 
alignment, shape, location and dimensions were provided. On-site in- 
^>ection of the saiqple areas perfected interpretation of these photos. 
With knowledge of on-site conditions and the color, texture and position 
on the photos, field review site priorities were made. 

Visiial analysis of the color infrared (IR) photographs ascertained 
wetlands as small as 6 m. (20 ft.) in diameter and showed a linear 
alignment of drainage ditches down to 1.2 m (4 ft.) width. 

Detail and accuracy were greater than the use of conventional 
methods. Approximately 90 percent of the wetland mapping was accom- 
plished by use of these photos. Only 10 percent of the conventional 
field time was needed for IR photo verification. Total field and 
office time required 60 days, approximately 1/10 the time of conven- 
tional method. 
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lANDSAT IMAGERY 


IMAGERY SELECTION 


A four-band Landsat-II acane, scannad on April 9, 1978 waa 
obtainad on conputar-con^tibla tape. Salaction of thla acana waa 
baaed on a dafoliatad foraat condition, bara cropland condition, and 
a high water condition in the floodplain. The aingle aaleetlon of 
^ia acene was proposed to demonstrate (1) the ability of Landsat 
analysis to perform similarly to the high-altituda color infrared 
photography for identification of wetland and forest patterns, and 
(2) examine the potential ability of Landsat analysis to delineate 
wet and dry cropland soils. 


WETLAND AND FORESTLAND ANALYSIS 


Classification and Identification 


The Landsat scene was analyzed using the ORSER System (soft- 
ware package of the Office of Remote Sensing of Earth's Resources, 

The Pennsylvania State University).* Using the Landsat scene, the 
spectral signatures of a 40,000-acre test area were evaluated in 
hopes of detecting and classifying characteristic plan expressions. 

The vegetative areas had unique patterns associated with them. These 
patterns were indicators of the vegetation, wetness, and biological 
condition. Though land use and cover types are normally associated 
with ground condition, aspect, and vegetation, aspect was not a 
major consideration. 

The topography of the area is relatively flat with less than 
1 percent slope except in floodplain-upland breaks. The mean sea 
level elevations are less than 7.6 m. (25 ft.) causing negligible 
aspects . 

An initial map was generated to verify general location and orien- 
tation. These maps were then conpared with SCS aerial photos, USGS 
7*1 minute quadreuigles and SCS soil surveys for the surrounding 
counties. Training sites were selected from these data bases. 


*Irish, Richard R. ; Luce, Frederick C. , 1980, Identification of 
Ecological Response Units by Computer Classification of Landsat 
MSS Data (Unpublished) . 
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Various ORSER programs wars itsratsd to rsfins ths land class- 
ification maps. Ths rssulting signaturss and locations wars com- 
parad to a color infrarad high-altituda photo misaion nuttbar 73-197 , 
datad Dacanddsr 1, 1973. Ground truthing was not usad. Aftar suc- 
eassiva use of thasa ORSER programs a final classification map was 
produced and comparad to tha high-altitude photos. 


Verification 


Transacts ware taken on tha final computar-genarated classifi- 
cation map and compared to transacts on tha high altitude color 
infrared photographs datad March 13 > 1974. Tha floodplain saspling 
area %raks 606 ha. (1500 ac.). Transacts %«are made every 760 m. 

(2500 ft.). Sampling points on tha transact %rera taken every 304 m. 
(1000 ft.) giving approximately four sampling points for every trans- 
ect. 


Tha wetland type at each of tha sampling points was examined 
within each population. Tha individual examination of each point 
was referenced as em event. If the wetland type at a point was the 
sasie for both the delineated overlay and the ground pointy a value 
of 1 was assigned to that event. If tha forest types «»are not tha 
same a value of 0 was assigned to that event.* 

The number of correctly identified sampling points, stated as 
a percentage, were computed using the following equation. 

Percentage of points _ Total value of events ^ 
identified correctly Total number of events 

The percentage of correctly Identified sanqpling points was an estimate 
of the accuracy of the Londsat classification. 


Results 


Upon conpletion of the program reiterations, a total of 22 
specific signatures were identified. Comparison of the final conputer 
map with aerial photos revealed eight general categories of the 22 
signatures. Four categories were analyzed for wetland analysis. 


*deSteiguer, J. E. , Forest Type Mapping of the Atchafalaya River 
Basin from Satellite and Aircraft Imagery. 
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Th«s« CAtagoritt wars significantly similar to tha praviously 
mantionad manual anr lysis of %iatlands color infrarad photographs t 

(1) Watar («) 51 ha. (127 ac.) 

(2) watland vagatati'm (.) 162 ha. (400 ac.) 

(3) Deciduous forestland (X) 1366 ha. (3381 ac.) 

(4) Unknown forestland (*) 2036 ha. (5039 ac.) 

The first category was raprasantative of open canopy areas of 
tha river or existing milldams. In one area a dying and inundated 
swamp was raprasantad. Wetland conditions of this category and others 
varied with upland drainage or channel overflow. 

Category No. 2 and Category No. 3 represented a type 7 swanp. 
These areas paralleled the main dredged channel and reflected the 
overflow from the main channel and entrapment of upland drainage. 

The boundary with the next classification showed the extent of high 
water encroachment. 

The location of Category No. 4 along the periphery of type 7 
confirmed by ground truthing to be a type 1 situation. These areas 
were different by wetness, distance from channel overflow, and gen- 
eral elevation increase. 

Though the: classifications were formulated without ground 
truthing the computer generated classification map provided an 87 
percent accuracy. Ground truthing is always necessary' to assess the 
plant species ccoiposition but this demonstration show^ that use of 
Landsat remote sensing data can complement, is^rove or ’'«duce field 
work. This process maximized the use of digital data ai -I minimized 
field work. 

Results indicate that if manual analysis of high-altitude IR 
photos reduce conventional methods by 90 percent, Landsat Imagery an- 
alysis using computer assistance may further reduce the work load and 
time. Landsat may be used either as a preliminary analysis synoptic 
coverage of the entire basin or for selection of specific areas for a 
more detailed analysis. 


IDENTIFICATION OF WET CROPLAND 


Introduction 


Inadequate surface and subsurface drainage r-.i: agricultural crops 
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and pasture land can be a severe probleai to the agricultural econony. 
This drainage problen is caused by seasonally high water tables and 
a lack of adequate drainage outlets. A particular visual measure as 
to the effectiveness of surface drainage is soil moisture retention 
and wet field ccmditions. 

Attempts were made to identify cropland areas of varying %ietness 
(relative surface soil moisture content) throughout the test auma to 
assess the effectiveness and need for agricultural drainage channels. 

This test site in the Pocoiooke River Basin was selected to assess 
the utility of Landsat MSS data for mapping and monitoring cropland 
soil wetness for assessment, planning, and management of major agricul- 
tural drainage construction projects. Using the ORSER computer pro- 
gram package, an April 9th, 1978 Landsat scene weis amalyzed. The up- 
leutd segment of the Pocomoke was identified and tested. 


Classificatim and identification 


The composite brightness and unifcirmity map was generated first 
to verify the study location and provide easier selection and identi- 
fication of sample areas. These areas were of known relative wetness. 

Initially one band 7 was analyzed to display the water reflective 
ability. Successive use of veurious ORSER subprograms revealed unique 
arejis of spring planting and/or winter crops but classification was 
difficult to cOTTOlete. 

^l^llysis %d.th four (4) bands did not significantly iaprove 
classification results. The conparison of the classification maps 
with the high-altitude color infrared photographs showed partial rec- 
ognition of some unique cropland patterns but general discernible 
accuracy did not exist. No uniformity in wet and dry soil areas 
seemed to exist. 


Results 


Identification of unique spectral signatures for wet and dry 
cr<pland was difficult to ascertain, “nie final classification map 
revealed minimal identification of the sample €u:e€is. Further review 
suggests soil moisture for the particular Landsat scene was not at a 
desired optimum. Winter cover crop complicated tne emalysis due to 
the spectral rc^ponoj of the vegetation. Cursory analysis negated 
further investigation of otJier programs for refinement. 
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AIRBOHMB lASER TECHW0L06Y FOR TOPOGRAPHIC MliPPIllG 


INTRODUCTION 


The Alrtwrne Oceanographic Lidar (AOL) is a state*«f-the-art 
pulsed laser systen designed prisarily for field d eawnstration and 
technology transfer experiaents for user agencies that need new tech- 
nology in the auceas of (1) airborne bathyawtry and (2) laser in- 
duced fluorescence. Since the AOL systes must perform as a high-pre- 
cision laser altimeter for these two areas, it. allowed use for topo- 
graphic mapping. 

The AOL can also be utilised for the determination of tree 
heights. In the bathymetry node a short laser pulse is transsdtted 
to the ground. The pulse is partially reflected back by the tree 
canopy to the aircraft receiver tdtile the other paut: of the pulse 
penetrates the canopy to the ground surface and rettims also. The 
separation in the t«K> returns provides a measurement of tree heights, 
and the sum of the initial range and the tree height yields an 
accuvate measurement to ground level. 


I-ECHNIQUES 


ACL was applied in the profiling mode over the river floodplain. 
Typical flight lines were 1 to 3 km. in length. Beginning and ending 
night lines %iere marked with tethered red and/or white balloons. 
Altitudes were between 165 and 300 m. (500 eu-d 1000 ft.). The air- 
craft speed was 75 to 100 meters/second (150 to 200 knots) . The 
flightline was covered with a tolereuice of 30 meters cross-tract at 
the beginning and ending of the line. 


GROUND SUPPORT 


The ground survey team correlated their activities with the air- 
craft information. Field data were collected and identified with 
photographic records of the flight lines. Survey lines were cut and 
mean sea level elevations were verified at necessary test points. 
Elevations were determined for at least three identifiable points of 
photographic records to compare and corralate U.S.G.S. Coast and Geo- 
detic Survey markars with lidar application data. 

The grc” *■ m acquired permission to establish navigation 
guides and toa s on private lands and access for additional survey. 
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AIRCRAFT POSITIONING 


Presently positional data as well as altitude data (pitch, roll 
and heading) can be detenained for aircraft. However these data are 
usable for a short tent due to gyro drifts. The use of vertical 
acceleroaeter resoves vertical aircraft notion for the data. Though 
drifts occur, errors are reaoved by knowing three easily accessible 
survey points in the flight line. 

Additional positioning tas made available to the proximity with 
NASA fiallops Island Flight Center. During flights precision tracking 
C-band radaars were used. 


NAPPING CAPABILITIES 


In the profiling mode data were provided every 20 cm. of length 
at 434 km. (270 sii./hr.). Precision has been shown in previous dem- 
onstrations to be 2 cm. on a static target and 6 cm. over smooth 
ground. 


RESULTS 


Laser transects have several advantages over present survey tech- 
niques used for planning. They are: 

a. The AOL system can collect data within 30 seconds 
compared to several days for a ground survey team. 

b. Many more data points are suf^lied along the line 
by laser than conventional methods. 

c. The AOL system demonstrated potential for rapid 
and detailed mapping for logistical difficult pro- 
file lines. 

d. Laser raw data are collected in digital form, 
allowing for imnediate computer processing. 

e. The AOL system denK>nstrated the ability to measure 
tree heights auid also measure to ground level in 
foliage covered terrain - a task difficult to im- 
possible for photogramnetry. 
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SUMttRY 


The use of renote sensing techniques for the ?ocomoke River 
Basin Study acquired needed data. 

The use of high altitiide color infrared photogreq>hy for wet- 
land identification was faster and less e]qpensi''e tluoi the conven- 
tional nethods. Analysis of Landsat MSS data shotted 87 percent 
accuracy in identifying wetland and forest patterns. Because of 
tills accuracy present patterns are docuaented and available for 
future assessBient when atanagement cations are ai^Ii'^d. AOL appli- 
cation for topographic mapping provides information for planning 
purposes. 

Results show that each technique is in the state of the art. 
Use of these te'^hniques can be used in land and water resourct* 
planning. 
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Surface mining for coal has beccme an increasingly important r^^ponse to 
the nation's demand for domestic energy supplies. East-central Ohio (Fig. 1) 
today is among the country's largest s\g>pllers of coal. The area has been (?is- 
nq>ted by coal mining since the early l800s. Belmont County (Fig. 2) has be- 
come almost synonymous with strip mining. A major part of the county has been 
churned over since the introduction of strip mining to the county in 1918. 

Belmont County has several layers of coal throughout its area. Some of 
the seams are extracted through deep mining but most of the coal is surface 
mined. Siirface mining, for tne most peirt, is classified as either contour or 
area strip mining. Generally speaking, area strip mining (Fig. 3) is practiced 
on flat terrain. This process consists of the removal of vegetation cover, the 
cutting of a trench to expose the coal seam, the removal of the coal and repe- 
tition of the operation. 

In the contour method, (Fig. 4) a bench is cut into a coal seam that crops 
out along a valley. Earth removal continues into and around the hill until the 
anount of overburden makes further mining economically impractical. The spoil 
stripped from above the seam is dumped 180° from che cut, tending to fill the 
adjacent valley. The spoil may thus occxu* in rows. Most of the strip mining 
operations in Belmont County use the contooir method. 

After the coal mining procedures are terminated, the area is cheu-acterized 
by a steep uncut face, the hlghwall, a relatively flat bench that follows the 
contour of the hill, and an adjacent spoil pile consisting of previously re- 
moved overburden. Lakes or ponds form frequently on the bench between the 
spoil and the hlghwall. The scene left behind is at best undesirable. 
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Figure 1 


From the early days of strip miuiug until about I94S little coneem wm 
expressed or heard regarding the detrimental effects of surface coal mining 
to the environment* the Ohio legislature passed a lau in 1948 whieh re-- 
quired restoration of the mined surface* However, these reclamation require-* 
meats resulted only in some grading and, to varying degrees, planting of trees 
and ground cover on spoil banks* With the Ohio legislature's 1972 passage of 
stricter reclamation laws, including provisions for the enforcement of the 
more rigid requirements, it has become increasingly necessary for state govern^ 
ment agencies to be able to monitor reclamation of land disturbed, by surface 
mining* Traditional means of monitoring strip mine operations and subsequent 
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Figure 3. Area Strip Mining 


reclamation efforts include the use of both aerial photography and on-site in- 
spections* These techniques are time consuming and expensive, especially 
where repetitive coverage is needed over extensive areas* 

The availability of Landsat I data provided an opportunity to investigate 
the application of new techniques to the old problem of surface mining and 
related reclamation progress* Several studies have been conducted to deter- 
mine the applicability of Landsat data and associated digital image processing 
techniques to tla surficial problems associated with mining operations. 

This study addresses itself specifically to the application of a non- 
traditional unsupervised classif ^cation approach to multispectral data. This 
approach is designed to render increased classification separability in land 
cover analysis of surface mined ^reas* At the same time it reduces the dimen- 
sionality of the data and requires only minimal analytical skills in digital 
data processing. 
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Figure 4. Contour Strip Mining 


LITERATURE REVIEW 


An early study - "Relev ince of ERTS-1 data to the State of Ohio" (Sweet, 
David C. , et al. , 197^) - exanined the application of Land sat data to mapping 
strip mines, but only using image enhancement and not computer processing of 
digital data. Band 5 and 7 Images obtained during the growing season were 
fouM to be most useful in delineating mined areas. Another early study en- 
titled "Automatic Mapping of Strip Mine Operations From Spacecraft Data" 

(Rogers, et al. , 1974) consisted of a dual-temporal classification of three 
county stidy areas in Ohio. The author® produced overlays and pixel counts for 
a generalised scheme of categories including stripped land, reclaimed land, nat- 
ural vegetation, and water. They concluded that the resulting classifications 
were 90$4> accurate, at one-tenth the cost of traditional mapping techniques. 

Anderaon, et al. , (1977) conducted a significant study on surface mine 
mapping in tbo two western-most counties in Maryland. In "LANDSAT laa^ry for 
Surface Mine Inventory," a band- ratio method was applied to nap and measure 
disturbed surface areas which the authors found to be both geographically and 
temporally extendable. Three lates between September 1972 and July 19?4 were 
used in the study. When classified, the ratloed band 5/6 data proved more than 
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90t accurate in delineating surface mines over 30 acres in size. Anderson 
et al. , (1975) suggest that such a multi-level sampling approach (with correla- 
tive air photo data) Is **an effective, rapid, and accurate means of monitoring 
the surface mining cycle" with Immediate cost benefits. 

In "Remote Sensing of Surface Mines: A Comparative Study of Sensor Sys- 
tems" (Irons, et al. , I98O), the authors compared Landsat MSS, an airborne MSS, 
the airborne Thematic Mapper Simulator (IMS), and high altitude color and 00 lor 
infrared photogr^hy. Data were collected for study areas In spring and autumn 
within three counties of the bltunlnous coal mining region of Peimsylvania. 

Most of the digital processing. Including successful application of band ratlo- 
Ing (5/6 again), was executed using General Electric's Digital Image Analysis 
Laboratory (DIAL). The authors' main conclusions were that "Landsat data (are) 

. . . most suitable for a synoptic Inventory of mines on a regional basis," 
while "hl^ altitude aerial photography (Is) . . . the best source of the de- 
tailed Information required for reclamation monitoring" (Irons, et al. , 198 O). 

Splsz and Dool^ conducted a similar study entitled "Assessment of Satel- 
lite and Aircraft Multispectral Scanner Data for Strip Mine Monitoring" in 1980. 
The authors compared Landsat MSS, aircraft 11 -band MSS, and infrared air photos 
with ground survey Information obtained for a surface mine test site in eastern 
Kentucky. The Landsat data were from several dates over a five-year period, 
and were used to produce classified maps of the study area showing changes in 
the extent of the strip-mining zone. Band 5/6 ratioed data provided a qualita- 
tive (level I) separation of categories, but a highly supervised approa^ was 
recommended for greater discrimination within mine and reclamation areas. 

Thus the literature Is in £igreement on the fact that Landsat data can be 
used to map strip-mined areas with a high degree of success, but also that a 
greater degree of detail Is needed to break down the progressive stages of 
mining and reclamation efforts. This study explores both new and traditional 
techniques with such a goal In mind. 


TRADITIONAL APPROACHES USED FOR SURFACE MINE ANALYSIS 

Lar ‘eat Imagery has been used by a number of reseeu^cheie to identify and 
measure . le areal extent of surface mines. In multi-spectral sensor (MSS) band 
5 ‘^he light gray tones associated with mines stand out against the darker for- 
est tones. Mine Identification is best in the summer months because of the high 
contrast between barren mice areas and fully vegetated forest cover. Mines con- 
taining standing water and exposed carbonaceous deposits are best identified by 
MSS 7 because they are very absorptive in the near-infrared region. This chan- 
nel h8is also been used to Identify older reclaimed surface mines because their 
less dense vegetation can be distinguished from the surrounding vegetation 
(Sweet et al. , 1973)> While Landsat imagery can be used to map the location of 
larger surface mines, most studies have concluded that the resolution of the 
imagery alone is inadequate for identifying submine feetures. Therefore the 
manual interpretation of Landsat imagery is not reccanmended for monitoring com- 
pliance with mine operation and reclamation regulations (Russell, 1977: 

Fish, 1977). 
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Although digital analysis Is more complex than the manual Interpretation 
of Landsat Imagery, It has the advantages of Increased spectral and spatial res- 
olution, automated data handling, and the ability to readily calculate acreages 
for any given category In a classification. A wide variety of classifiers and 
digital techniques have been used to Identify surface mines. While mlnlmtn dis- 
tance and parallelepiped classification algorithms have been used In several 
studies, the maximum- likelihood Is apparently the most popular classifier. Both 
supervised and unsupervised classification techniques have been successfully 
used In surface mine studies. Other ^preaches used In surface mine analysis In- 
clude density slicing, band ratlolng, and canonical analysis. 

Cluster analysis groups spectrally similar pixels Into clusters, each of 
which has a characteristic spectral response. Most studies have found cluster 
analysis to be appropriate only for sites where there Is limited knowledge about 
the area. One study suggests that cluster analyele has been successfully used 
In large spectrally uniform areas but is less accurate In complex sites with 
varied surface features. Spectrally complex sites produce border clusters, com- 
posed of mixed pixels , which may Introduce confusion Into the final classifica- 
tion (Splsz and Dooley, 1980). Conversely, a Pennsylvania State University 
study found that cluster analysis provided good definition of stripped areas as 
well as backfills, trenched areas, and areas cleared for future stripping opera- 
tions (Alexander et al. , 1973). Cluster analysis has also been used In areas 
where mines were so narrow and serpentine in shape that sv^ervised training 
polygons could not be drawn without including unwanted surface cover (Middleton 
and Bly, 1979; Schall, personal communication, 1980). 

In 8iq>ervlsed analysis certain user defined training areas are specified 
to the ccHnputer as containing a specific surface cover. The ccxnputer Is then 
instructed to analyze the magnitude and variance of the spectral responses fnxn 
each training site and then identify all pixels In the rest of the Image with 
similar characteristics. The selection of training sites can be hampered by 
several factors. Submlne features may be narrow and complex In shape, making 
training site selection difficult. This is particularly true of reclaimed 
areas which may be scattered throughout the mine site and may contain varying 
percentages of vegetative cover. Many Investigators have observed a vide vari- 
ation in the spectral responses recorded within and between mines. The Influ- 
ence of slope and aspect are responsible for much of this variation. Slope at 
scmie sites may range from near level to in excess of 30 degrees, and vary great- 
ly in aspect. In some mining areas the composition, color, and texture of sur- 
face soil can vary greatly. All these spectral variations must be accounted 
for, requiring Individual signatures for each situation. Because of this spec- 
tral variability several training a^eas are usually selected for each class. In 
sane cases where mines have been c\tremely small. Investigators have chosen to 
select training areas outside of the general study area (Splsz and Dooley, 1980). 
Studies using digital methods have typically been able to classify mine sites 
Into active. Inactive, graded, and reclaimed categories. Several investigators 
have encountered difficulty In developing signatures for several levels of re- 
claimed vegetation. Irons et al. , (1980) had difficulty In identifying re- 
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claimed areas in Pennsylvania when the reclaimed site had more than 60 percent 
ve^tatlon cover. Anderson and Schubert (1976) had problems In distinguishing 
mature grass from recently seeded areas. 

Most studies have encountered difficulty In extending signatures beyond 
the Immediate mine site. In an EPA study separate signatures were developed for 
each mine (EPA, 1975)« Density slicing of band-rstioed data has been shown to 
be a successful technique for reducing temporal and geographical differences. 

The MSS 5/6 ration has been found to minimize topographical relief effects (Hol- 
ben and Justice, 1979). Using this ratio Anderson was able to extend signatures 
between adjacent scenes and to other dates. However, the extension of mine slg> 
natuzes produced confusion with urban and built-up areas (Anderson et al. , 1975: 
Irons et al., I960). The ratio of these two chazmels also enhances the contrast 
between barren or partially revegetabed surface mine spoil and the surrounding 
vegetation (Anderson et al. , 1977: Irons et al. , 1980). The same type of boun- 
dary plxel/partlally revegetated pixel confusion, as existed In the 4-band clas- 
sification, was also experienced with the ratloed data (Anderson et .'<7... 1979). 

Middleton and Bly (1980) merged a MSS 5/6 ratloed band with the four Landsat 
bands. These data were then classified using a hybrid signature file developed 
using supervised and unsupervised clustering techMques. These signatures were 
successfully extended over a 2500 square mile region In Virginia, but the same 
urban/mlne mlsclasslflcatlon experienced In previous studies was encountered. 


SUPERVISED VS. UNSUPERVISED APPROACHES USED FOR SURFACE MINE ANALYSIS 

Several approaches have been applied to ascertain land cover types and 
extent of siurface mining/reclamation by digital Image processing (Irons et al. , 
I 98 O; Spisz and Dooley, 198 O; and Rogers et al. , 197^). In a hybrid-type clas- 
sification approach Tanner (1979) found favorable results in applying a sequen- 
tial clustering algorithm to aircraft multi-spectral scanner data for initial 
determination of spectral groupings of surface minec' areas. Classified image 
results were used to facilitate identification of spectrally unafoim regions to 
select training sites for additional classification approaches. He also deter- 
mined four- band channel selection by canonical analysis from an 11 -channel data 
set. In another study on surface mining and reclamation. Irons et al. , ( 198 O) 
employed a supervised classification procedure. Data from three multi -spectral 
scanner sensor systems were evaluated. Including the four Landsat MSS bands. 

With the xise of linear discriminant analysis they were able to reduce the dimen- 
sionality of the aircraft scanner data and optimize category separability for 
application on the Digital Image Analysis Laboratory (DIAL) system by General 
Electric. 

Given the availability of such a variety of procedural approaches, the 
question arises concerning ' st how to select the best method for analysis. 

Spisz and Dooley (1980) foun^ that a comparison of class! fl.catlon results by 
both supervised and unsupervised computer analysis procedures provided overall 
excellent agreement of classification categories. The successful explication 
of supervised classification approaches are, however, generally dependent on 
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the skills of the analyst, capability and versatility of the available computer 
hardware/software system, and the computer time available for analyst's usage. 
Conversely, unsupeivlsed techniques are generally data dependent rather than 
analyst dependent for land cover categories (Splss and Dooley, 1980). 


THE NON-TRADITIONAL OMSOPERVISED CLASSIFICATION PhOCEDURE 

An unsupezvlsed clasalflcatlon procedure, utilizing the cluster algorithm 
and maximm likelihood classifier of Electromagnetic Systems Laboratory's 
(E.S.L. ) Interactive Digital Imago Manipulation System (IDIMS) (See ESL Techni- 
cal Manual 1978) and a NASA modification of the Office of Remote Sensing of En- 
vironmental Resoxirces (ORSER) system's canonical analysis algorithm (Turner, 

1978 ) was implemented on the HP 3000 Computer System at NASA/ERRS AC, Goddard 
Space Fllsdit Center in Greenbelt, Maryland. This .provided the basis for compari- 
son of a traditional clusterlng/taaximijn likelihood algorltbrn sequence with a non- 
tradltional algorithm sequence (Flow Chart I). The non-tradltlonal sequence re- 

FLOW CHART 1 PROCEDURE 

Algol! ttm Flow Chart I 

NASA/GSFC/ERRSAC IDIM£5 
Procedural Application 
Algorithm Sequoace 


CCT Subset Data 

♦ 
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suited lu cluster generated categories which were canonically transxbxned to 
nadnlse anong^category s^>arald.lit 7 and to reduce the dlnensionall^ of the 
data for the classification procedure (Merenbeck et al. , 1977)* The canonical 
analysis algorltha translates, rotates and reecales the data based on the wlthin- 
category and the aeong-categories groiqp vailabili^, which hierarchically dieln- 
ishes along with each additional transfoaed axis, thus aaxinisinff aaong-categorles 
s^arability (Merenbeck, 1977» Lachowskl and Borden, 1973)< The transfoaed MSS 
data sets wen then presented as enhanced inages for Tlsual inage Inteipatation. 
Th^ wea also subjected to a cluster analysis of the first two axes to develop 
new Keen category signatures for the transfoaed iaages* 

The traditional procedure consists of: 

1. Claterlng of the sub-set data into 30 categories. 

2. The 30 clater category neans and covariance natrices are input to 
the naxina likelihood classifier. 

3. Finally, the categories free the naxina likelihood classlfiea are 
grouped on the basis of ground control infoaatlon. 

The non- traditional procediire is as follows: 

1. Clustering of the sub-set data into 30 categories. 

2. Input the 30 cluster category aeans and covariance matrices into 
canonical analysis to develop transforaatlon aatrlx. 

3. The canonical transfomation eatrlx Is e\iltlplled by the original data 
subset. 

k. The canonically transformed data sub-set Is clustered Into 30 cate- 
gories. 

3- Finally, clusters are groiiped on the basis of gromd control Informa- 
tion. 

The two classification sequences were then compared using Landsat MSS data 
sub-sets from computer compatible tapes (CCTs) for September 1973, August 1976, 
and September 1979 for the stiidy area near Piedmont Lake In Belmont County, Ohio. 
(See Figure 2.) The above dates were selected because they coincide with avail- 
able ground truth Information from the Ohio Department of Natural Resources and 
the United States Geological Survey. The uniform time interval was also part 
of the above consideration. The late sunmer scenes were selected since they 
provide maximuD Information regarding vegetated and barren areas which Is of 
paiilcular Interest In the monitoring of land reclamation progress. 


CaiPUTER ANALYSIS 

Both the trcKlltlonal and non- traditional supervised classification algor- 
ithm sequences were based on the Initial clustering algorithm applied to the 
original Image data sub-sets for which thirty clusters were developed. No at- 
tempt was made at that point to Identify category separability or relevance to 
land cover categories. All stipulated parameters controlling the cluster al- 
gorithm were held constant throughout their application In developing spectral 
groupings In the various Image data sub-sets. In the traditional £q>proach the 
statistics file containing the mean and covariance matrices for each of the 
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data sets which was then Input to a aazlmui likelihood classifier al^srltte to 
develop classification categories. Each category was interactively identified 
according to probable land cover type through interpretation of aedlw altitude 
black-and-white panchromatic aerial photographs. The non-tradltional approach 
ixqput the same cluster generated statistics files into the modified canonical 
algoritlm to generate the transfOimatlcm matrix which was then applied to t. i 
original data sub-sets for each year. 

The parameters (see ESL Technical Manual, 1978) controlling the cluster al- 
gorithms were held ocnastant for both the original data application and the first 
two canonically transformed axes. These axes contained ai^roxiaately 989t of the 
among-category variability for each data set. Each category was interactively 
identified to determine the land cover type it r^resented. 


DISCDSSxON AMD RESULTS 

The literature review substantiated that Landsat data can effectively be 
utilized to help monitor surface niniTig areas and subsequent reclamation prog- 
ress. This study does not d\q>licate the obvious, but rather shows that the data 
aanlpulatioii procedure can enhance a great deal of subtle information within the 
data illustrated '’jy linear contrast stretching of the data sets (Figures 6 
and 7). The subtleties will show not only the difference between mined and un- 
mlned areas, or reclaimed versus unreclaimed land, but furthermore determine the 
difference between varioxis stages of reclamation progress. 

Throujd^ the previously described procediires, the canonically transformed 
data sets were presented as enhanced images. Three different oolor composites, 
consisting of the first two or three transformed axes, were generated. One com- 
posite was presented as red, green, and blue for axes 1 , 2, and 3- The second 
was presented as red, green, and blue for axes 1 , 2 and (4=0) (Figures 8, 9 and 
10), while the third vas presented as red, green, and bit's for ares 2, 1 and 3 
(Figures 11, 12 and 13). Canonical enhancement of Landsat imagery was inters 
preted with the aid of transparent overlays for spatial variations and groiq>lngs 
of color tones (Figures 14, 15 and 16) and ocmipared with NASA U-2 color IR 
photos at a scale of 1:125,000 (Figures 17 and 18). Stages of reclamation were 
delineated for active mining/ungraded, graded barren, recently revegetated, 
more mature vegetated, and poorly reclaimed areas, as well as small bodies of 
water and inherent sediment patterns in Lake Piedmont. The periphery of the 
surface mined area w€is mapped along with road surfaces , all of which was dis- 
tinguishable through enhancement procedures. The above procedures appear to 
provide a pseudo-uns upervised classification of the MSS data. This application 
appears to be particularly adaptable to heterogeneous MSS image data. 


TRADITIONAL UNSUPERVISED CLASSIFICATION COMPARED TO NON-TRADITIQNAL APPROACH 

This portion compares the traditional cluster/hiaximimi likelihood algorithm 
sequence with the non-tradltional cluster/canonical transformation/cluster al- 
gcrithD sequence (clustered classification. Figures 19; 20 and 21; maxirntm like- 
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Uhood classification. Figures 22, 23 and 24; non-tradltlonal classification. 
Figure 23, 26 and 27). It serves to detemlne the reliability and repeatability 
of results for multi- temporal data sets to distinguish subtle differences In non- 
homogeneous data as a result of land cover variability. As can be seen In Table 
1, pixel count groupings based on Initial categories demonstrate that the trans- 
fomed classified data sets Include separable water categories not evident In 
either the direct cluster or the application of the maxlmun likelihood classifier 
algorithm. 

The classification Involving the canonically transformed data clearly de- 
picts the shallow/sediment laden water and shows Its spatial distribution through- 
out the three Images. Most of the Impoundments are associated with mlnlng/recla- 
matlon activities as verified by U-2 color IR photography. 


ENHANCEMENT RESULTS 

Outlining tonal variations in the canonically enhanced imagery sets the pat- 
tern of land cover categories which were then merged with ancillary information 
and reference data to produce land use categories for the final classification re- 
sults. Some land cover categories developed from the enhanced imagery were com- 
bined in terms of land use information. An example of this is Illustrated by 
the contour earth backfill patterns in active mining or inactive mining in re- 
cladmed land use categories as seen in the 1973 enhanced imagery (see Figures 
8 and 11). 

For this study, the red and black color ccanbination in the final classifica- 
tion was maintained separately to highlight those land use categories for visual 
interpretation (see Figures 14, 15 and 16). The spatial extent of the mining/ 
reclamation areas, outlined by the categories in Table I and illustrated in Fig- 
ures 11, 12 and 13 were found to fit very well. Further comparison shows the 
classified transformed data to have less of a salt-and-pepper appearance than 
the traditional classification. A comparison of the above with appropriate 
aerial photographs shows tetter sigreement with land cover classes than the tra- 
ditional classifications. A more detailed classification of the categories W6is 
not attempted at the time of interactive computer analysis. This was due to 
lack of appropriate ground truth at the time. 


CONCLUSION 


The analysis of the data clearly establishes that the non-traditional un- 
supervised classification approach accomplishes the goal set forth in this study. 
Increased separability of land cover categories is achieved along with reduction 
of the dimensionality of the data. The application of the non-traditional clas- 
sification procedure is well suited for neau’ly automated digital data processing. 

The application of the non-traditional classification procedure requires 
minimal interaction with the computer processing until the final phase, when 
the categories are related to land cover classes. Otherwise, the non- tradition- 
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al approach Is a fully automated one. It accomplishes all the above without the 
heavy dependence on a highly sklllsd analyst that Is Inherent In the supervised 
classification procedure. 

Further research Is ciirrently under way to Illustrate finer land cover cate- 
gories through Image analysis and classification with additional ground truth. 
Application of this non-tradltlonal procedure to Thematic Mapper Simulated Data 
to reduce the dimensionality of the data set while maintaining classification 
accuracy is anticipated. 
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CATEGORY DESCRIPTION 

COLOR 

47864 

CL573 

47864 

MAX73 

47864 

TRANTS073 

46360 

CIS76 

46360 

MAX76 

46360 

TRANIS076 

46413 

CI£79 

46413 

MA)C79 

46413 

TRANIS079 

Water 

Blue 

959 

925 

813 

1 ,002 

993 

791 

758 

727 

81 8 

Sediment/shallow water ] 

Lt.Blue 

none 

none 

108 

none 

none 

370 

none 

none 

612 

Active mining 

Black 

768 

825 

713 

476 

624 

823 

none 

none 

none 

Barren inactive mining/ 

ungraded 

Red 

1 ,064 

1,009 

1,493 

none 

none 

none 

none 

none 

none 

Barren partially 

reclaimed 

Purple 

2,029 

2,094 

840 

2,177 

2,240 

1,928 

920 

1,003 

1 ,242 

Sparsely vegetated/ 

partially reclaimed 

Yellow 

3,502 

3,477 

4,052 

4,4l4 

4,522 

6,036 

2,386 

2.369 

2,242 

Drainage pattern shallow/ 
vegetated partially 
reclaimed highwall 

Sand 

3,753 

3,954 

4,111 

1,387 

2,086 

2,056 

2,838 

2,891 

1,928 

Mask/fores t-agri . / 
to emphasize mIrSng/ 
reclamation 

Olive/ 

brown 

24,841 

22,474 

26,145 

20,463 

21 ,865 

21 ,794 

16,057 

17,552 

22,263 

Vegetated reclaimed 

Orange 

9,196 

13,106 

11,083 

15,871 

15,026 

13,948 

21,183 

21 ,871 

17,308 
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MAPPING SAND AMD GRAVEL PITS IN THE PATUXENT RIVER WATERSHED 
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ABSTRACT 


Landsat data from July 1973 and June 1978 for the Patuxent River Watershed 
of Maryland were processed in an effort to devise an economical method of mon- 
itoring the reclamation of sand and gravel pits. ASTEP-II and IDIMS software 
were utilized to derive signatures for sand and gravel pits and other land 
use/land cover types. Both unsupervised and supervised classifications of the 
two data sets mre produced. Resultant statistics and color output products 
were compared in order to determine the extent of reclamation and expansion of 
sand and gravel pits over the five-year time span and to check the locations of 
more recent sand and gravel pits. Preliminary results indicate that, for a 
selected northern sub-acre, signatures derived for sand and grayel pits were 
nearly 90 percent accurate. 


INTRODUCTION 


The Maryland Surface Mines Project was initiated in November of 1979 as a 
cooperative demonstration project between ERRSAC (Eastern Regional Remote 
Sensing Applications Center) and the State of Maryland Department of Natural 
Resources, Water Resources Administration, Surface Mining Division as part of 
the state technology transfer program sponsored by the Maryland Department of 
State Planning. The aim of the project was to map sand and gravel pits within 
the Patuxent River Watershed in order to monitor the reclamation of sand and 
gravel pits. Two Landsat digital data sets for July 1973 and June 1978 and 
aerial photographs from similar dates were utilized for the analysis. The 
satellite data were pre-processed using the Interactive Digital Image Manipu- 
lation System (IDIMS) at ERRSAC. Further processing was done by means of 
ASTEP-II software on the University of Maryland’s Univac 1108 computer system. 
Starting with small portions and then extrapolating to the overall study area, 
spectral signatures for various land use/land cover types were developed. Both 
unsupervised and supervised classifications were executed in order to categorize 
the data as one of the following: gravel pits, grass, forest, urban, or water. 

This process was accomplished for both image dates and compared with ground 
truth information - including air photos, topographic maps, and field observa- 
tions. Using further field data gathered by the Water Resources Administration, 
an accuracy assessment was undertaken. Final products such as color thematic 
maps and a change detection map depicting mine, urban, and vegetational changes 
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will be generated. A cost-benefit study deaonstratlng the advantages of using 
satellite data In such an investigation Is also to be conducted. 


PURPOSE OF STUDY 


Satellite resote sensing Is being used for a wide variety of land use and 
land cover napping tasks. One application has been the inventory of surface 
mining operations, such as coal strip nines and gravel pits, to nap the extent 
of sdnlng activities within a county or region. Reclanatlon efforts, natural 
revegetation, and sdne expansion can be nonitored by cosqtarlson of classified 
Landsat data derived fron different dates. 

The Surface Mining Division of the Water Resources Administration became a 
part of the project in an effort to find an economical method of a»nitoring the 
reclamation of non-fuel surface mines. The Surface Mining Division is respon- 
sible for the regulation of non-fuel surface mines and accordingly is respon- 
sible to insure reclamation of surface ndnes. Surface mine operators, as part 
of their permit requirements, are required to reclaim areas disturbed by mining 
and its associated activities. In addition, the Water Resources Administration 
Itself will be reclaiming abandoned surface mine areas. Rather than stake 
repeated follow-up inspections to determine the success of reclastatlon, which 
would be tiste consuming and costly, the Water Resources Administration decided 
to examine the feasibility of utilizing Landsat data to monitor reclamation. 

In order to monitor the surface mine reclamation it is necessary to have 
image data available on an as-needed basis. Image data are available from other 
sources but not with the frequency of Landsat. Imagery other than Landsat is 
most often flown during the winter months when foliage is at a minimum, but 
imagery is needed showing Che successful revegetatlon of reclaimed sites. In 
addition, Che ASTEP-II software will perform all necessary area calculations 
saving many man-hours of time needed to planimeter air photos, the usual alter- 
native Co Landsat. 

In conducting the project it was necessary to choose a representative area. 
The Patuxent River Watershed contains a large number of sand and gravel pits. 
These pits are active and abandoned, reclaimed and unreclaimed. The watershed 
also contains a good mix of land cover /land use types. It was decided not to 
include stone quarries in the study since by their very nature they are much 
slower in their progression Coward mining completion, and will generally be 
reclaimed by allowing them Co fill with water, rather than be revegetated to any 
great extent. 
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PROJECT DESCRIPTION 


OBJECTIVE 

The mein objeccivee of the project vere to map surface mining operations 
within the study area for two different dates, and to visually compare the 
changes in these extractive sites that occurred over the S~year tisM span. 

Final products portray both the locations and the total extent of the mining 
operations for the two dates. Also, a general (Level 1) land use/land cover 
classification was developed for the entire study area. This inventory was 
conducted in order to facilitate current mine reclamation efforts and to provide 
a method to monitor reclamation of pits. 


STUDY AREAS 

The study area as depleted in the chosen Landsat images was Che Patuxent 
River Watershed. The Patuxent River 1$ one of nine designated Wild and Scenic 
Rivers in the state and is contained within the Coastal Plain and Piedmont 
provinces. The watershed has a drainage area of 930 square miles and Includes 
seven counties: Montgomery. Howard, Prince George's, Anne Arundel, Calvert, 

Charles, and St. Mary's. The watershed within Montgomery, Howard, and part of 
Prince George's Counties features the rolling topography and predominant agri- 
cultural land use characteristic of the Piedmont Province. The remaining 
counties are within the Coastal Plain Province. The Coastal Plain province in 
the Patuxent River Watershed of Prince George's and Anne Arundel Counties is 
predoroinatoly forested with local high residential densities interspersed with 
agriculture and surface mining. The watershed in Calvert, Chari, s, and St. 
Mary's Counties features low residential densities with river margin forests ar.d 
somewhat less extensive agricultural land use than in the upper portion of the 
watershed. 

As defined for the project, the proposed study area was the portion of the 
watershed extending from the town of Laurel in the north to the town of Eagle 
Harbor in the south. To the west lies the drainage system of the Potomac and 
Anacostla Rivers; to the east that of the Chesapeake Bay. Initially, it was 
planned to divide this portion of the watershed into two study areas. The two 
study areas, one in the northern section of the scene, the other In the southern 
section, both contain a large number of sand and gravel operations. However, 
time constraints restricted the project to sand and gravel operations in the 
nortliem section. It should be noted that the northern section contains high 
density residential/commercial land use as well as forest and grass land, 
thus providing a variety of land use/land cover types to differentiate from the 
sand and gravel pit.s. 


193 



BATA SOURCES 

Various sources of data and information were used for the project. These 
sources are: 

° Landsat digital data computer-compatible tapes (CCT's) for 8 July 1973 
and 30 June 1978; 

® High-altitude color IR aerial photography for 12 April 1977 with a 
scale of 1:130,000; 

® Low-altitude black and white aerial photography for April 1972 and May 
1978 with a scale of 1:400; 

® High-altitude black and white photography for 12 April 1977 with a 
scale of 1:200,000; 

^ Topographic maps at the following scales: 

1:24,000 sheets for Laurel, Beltsville, Anacostia, Bowie, 

Bristol, Upper Marlboro, Lower Marlboro, Brandywine, and 
Piscataway quadrangles; 

1:62,500 sheets for Anne Arundel and Prince George’s counties; 

® Ground truth information came from direct observations in the field, 
with supplementary information provided by Water Resources Adminis- 
tration personnel. 


PROCEDURE 


The analysis of surface mine reclamation was performed by a dual-temporal 
digital classification of the Landsat data. Following is a detailed discussion 
of the two separate classifications. 


DATA PROCESSING 

Once the Landsat computer-compatible tapes (CCT’s) were available, the 
study area (Laurel to Eagle Harbor) was subset from each of the two scenes and 
a rough geocorrection of each was performed by means of the IDIMS functions 
"Control** and *'Register.** The subsets for the two dates were precisely matched 
by locating similar ground coordinates. Transfer tapes were than prepared in a 
format that is compatible with existing software at the University of Maryland. 
The data were then processed on the Univac 1108 coir,)uter the^re, using the ASTEP- 
II (Algorithm Simulation Test and Evaluation Program, version II) software 


194 



package. This software had been installed at the University of Maryland as part 
of the overall ERRSAC technology transfer program for the State. 


DATA ANALYSIS STEPS 

® Study sub-areas were selected for in-depth analysis and signature 

extraction by means of the ASTEP-II DATDEF (data definintion) function. 
They were as follows: a small but intensively mined section along I- 

95 southwest of Laurel; a larger window including Laurel in the north 
of the study area; and two similar windows in the southern portion of 
the study area. Each of these would be used in the process of devel- 
oping signatures. 

® The following ASTEP-II programs were run: FACTOR to acquire histo- 

grams) QUANTZ to perform density slices, and IMAGES to produce gray- 
scale maps in all four bands for the small 1-95 window. 

® ITRCLU (iterative clustering), an unsupervised classification was run 
on the intensely mined 1-95 window. Typical mine signatures were then 
identified and saved in a file. 

® IS0CL3 (an IDIMS function), an unsupervised classification, was exe- 
cuted on the larger northern (Laurel) window for both dates to produce 
land use/land cover signatures for other categories such as residen- 
tial/commercial, forest, grass and water. 

® After extensiv cesting with both groups of signatures, the best mine 
signatures from ITRCLU and other land use/cover type signatures from 
ISOCLS were combined in MAXLIK (maximum likelihood) and DCLASS (min- 
imum distance) supervised classifications of the larger northern 
window. 

® Resulting classification maps were field checked for accuracy, using 
air photos and on-sight inspection. Signatures producing the best 
results were retained. 

® Preliminary final products for the Laurel area were generated using 
MINDSTG and the IDIMS (MINDSTG is the IDIMS function equivalent to 
DCLASS in ASTEP-II) 

® The ADPCLU (adaptive clustering) unsupervised classification was run 
for the southern windows to develop mine and agricultural signatures 
unique to the rural setting. 
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These signatures were input into a DCLASS (mininum distance) classi- 
fication for the southern windows, and the accuracy of this napping 
was checked. 

The ADPCLU signatures will be combined with the preselected ITRCLU and 
ISOCLS signatures in a DCLASS (minimum distance) supervised classi- 
fication of the entire study area. Both ADPCLU and DCLASS were 
adopted in the later stages of the project because they were approxi- 
mately one-fifth as costly to run as ITRCLU and MAXLIK, while pro- 
ducing very similar results. 

Extensive field checking was then performed to verify the results of 
the DCLASS classification maps of the study area, including use of 
aerial photos and topographic maps. 

Portions of the study area that were grossly mlsclassified were 
corrected by reclassification. 

Acreage statistics (# pixels x 1.1) were obtained for all classifica- 
tion categories from the IDIMS system. 

All of the previous steps executed for the June 1978 image data are 
being repeated for the earlier (July 1973) data set. 

Final hardcopy output products will be generated for both dates, and a 
change detection (DIFIMG) map produced. 

Cost /benefit analysis is also to be undertaken by the Water Resources 
Administration personnel. 


VALIDATION 

Validation of classified data was accomplished by comparing the resultant 
DCLASS Images with the previously mentioned data sources: 1:24,000 quad maps, 

1:62,500 county maps, aerial photography, and direct field observations. 
Additional information was supplied by topographic drawings submitted by surface 
mine operators to the Water Resources Administration as a requirement to obtain 
a surface mining permit. These drawings provided especially accurate acreage 
figures for active sand and gravel pits in the Laurel vicinity. The 1978 scene 
corresponds closely to the time period that surface mine operators were obtain- 
ing the permits. 


RESULTS 


The following categories were distinguished as part of the classification: 
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^ Sand and gravel pits 

^ Grass - Includes open fields, agriculture, and golf courses 

^ Forest - Includes deciduous, coniferous, and marsh 

^ Residential 

® Residentlal/Commerclal Urban (combined as) 

^ Commercial 

® Water 

Listed In Table 1 are the ISOCLS signatures derived from ID IMS and the 
ITRCLU signatures derived from ASTEP-II for 1978 fcr the Laurel vicinity’ This 
table also lists the ISOCLS signatures derived from IDIMS for 1973* Due to 
constraints In the ASTEP-II software it is possible to derive and classify with 
a maximum of only twenty signatures, whereas the IDIMS has the capability to 
produce more than 50 signatures. All signatures are derived from MSS channels 
4, 5, 6, and 7. 

Analysis of the images produced from the ISOCLS and ITRCLU functions 
revealed that neither was the best process to utilize for the Laurel area. 

Since the ITRCLU function resulted in outstanding sand and gravel pit signa- 
tures and the ISOCLS provided better signatures for the other land use/land 
cover types, these signatures were combined into one file. This combination 
produced an image whereby it was possible to detect the location of sand and 
gravel pits with nearly 90 percent accuracy. Accuracy for pit size was ap- 
proximately 80 percent. 

The accuracy of pit location as depicted by the image product was checked 
by comparison with maps and air photos and field work. Actively mined sites 
were particularly noticeable as anticipated. But it was not expected that 
sites Just a few acres in size and no longer active would be depicted with the 
frequency shown in the image. 

Pit size was less accurate due to several reasons. Typically, the pits in 
the Laurel area are near urban zones where the signatures of the two land uses 
may be confused. Those pits that are not near urban zones are surrounded by 
forest, which can reduce the pit size In an image. They also may contain 
shallow ponds, refuse dumped in the pit area, or scrub vegetation. All of 
these contribute to confusion in the Landsat data. 
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Initial attempts to analyse sand and gravel pits in the southern section 
of the Landsat image did not provide the same success as that of the Laurel 
area. DCLASS images for the southern section failed to depict several large 
sand and gravel pits. The exact reason for this is unknown but it is probably 
a result of geology. Sand and gravel pits in the Laurel area are found in the 
Potomac Group, a Lower Cretaceous formation of a white, buff, or red-brown 
color. The pits in the southern section are found in the Upland Deposits and 
are tan, orange, or reddish brown in color. 

An attempt was made to analyze 1973 data for the Laurel area in order to 
detect temporal changes in the sand and gravel pits. The initial results of 
this analysis were not as successful as with the 1978 image. The number of 
pixels classified as pits for 1973 was greater than that of 1978, which was not 
to be expected. Instead, there should have been a greater number of pixels 
classified as pits in 1978 for several reasons: 1) there was little reclama- 

tion of sand and gravel pits during the five-year span; 2) there was expansion 
of some existing pits; and 3) there were new pits opened during the years 
following 1973. The main reason for this discrepancy is the expansion of the 
urban and commercial areas. The DCLASS and MINDSTG (an IDIMS function) image 
products show that there are pixels within or immediately adjacent to urban and 
commercial areas which are classified as sand and gravel pits. By checking the 
air photos and topographic maps it was possible to determine that these pixels 
designate bare soil where construction sites were located. Once these "con- 
struction" pixels are eliminated from the sand and gravel classification the 
number of pixels for pit signatures is more meaningful. 


CONCLUSIONS 


It has been shown that it is possible to use Landsat imagery to monitor 
Sind and gravel pits. Combining the 1978 ITRCLU pit signatures and ISOCLS 
signatures for grass, forest, urban, commercial, and water in the Laurel 
vicinity produced satisfactory results. Results were not as satisfactory in 
the southern section but this is probably due to the geology of the area. With 
some further refinement it is likely that results approximating the accuracy of 
those derived in the Laurel vicinity will be achieved. Attempts to measure 
temporal changes in the Laurel vicinity were not highly accurate but this is 
due to the large amount of construction activity being detected as sand and 
gravel. Another reason may be that the 1973 data were imaged by Landsat 1 while 
the 1978 data were Imaged by Landsat 2, causing radiometric differences in the 
signatures produced. This would not be a problem once the correct signptures 
are obtained and entered into a file. The purpose of using Landsat in not the 
detection of new pits but to monitor the reclamation of existing pits. The 
ASTEP-II change detection map (DIFIMG) will serve this function. It is expected 
that once proper signatures are derived, sand and gravel pits throughout the 
entire Coastal Plain can be monitored for reclamation. 
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Table I 


IDIMS 1973 IDIMS 1978 

(Laurel window ISOCLS sigs.) 

MSS 

Band A 5 6 7 4 5 6 

Sand & 

Gravel 64.83 80.26 84.55 71.57 44.87 70 37 79.88 

47.94 49.94 66.82 63.39 32.21 42.63 64.32 

56.29 64.60 73.22 64.85 39.71 57.15 67.18 

56.16 56.79 62.82 54.81 


No. 



Pixels 

485 

475 


Grass 

34.88 

23.69 

62.64 

71.13 

20.56 

15.56 

64.34 


36.37 

26.97 

58.69 

64.05 

26.79 

28.96 

59.09 


34.57 

24.75 

50.60 

54.33 

21.75 

19.17 

52.26 






23.54 

21.97 

56.73 






21.68 

18.08 

60.26 

No. 








Pixels 


3613 



4530 


Forest 31.20 

20.08 

48.72 

55.08 

18.69 

13.48 

48.96 

31.27 

20.00 

51.34 

58.83 

18.45 

12.65 

52.78 

31.37 

20.27 

45.53 

49.13 

18.63 

13.36 

44.89 

30.92 

19.45 

52.87 

62.96 

18.58 

12.85 

56.65 

31.54 

20.73 

41 05 

41.75 

18.98 

14.25 

39.57 

33.66 

22.88 

53.96 

60.27 

20.33 

16.47 

54,62 

32.41 

20.96 

56.82 

66.09 





No. 

Pixels 16970 15747 


ITRCLU 1978 
(1-95 window) 


7 4 5 6 7 


66.63 54.21 89.57 94.89 76.21 

62.05 31.25 40.59 64.96 64.06 

58.12 39.91 59.46 72.98 63.51 

44.95 64.04 76.96 64.63 

40.69 57.75 62.82 51.71 

48.75 77.17 83.57 67.59 

32.38 42.74 58.26 53.67 

35.58 50.53 68.36 62.60 

51.93 82.11 90.37 73.19 

743 


77.23 21.66 17.64 61.07 71.18 
62.47 22.50 20.38 55.48 62.14 
58.46 22.87 29.16 59.91 63.28 
62.82 23.48 22.70 50.75 54.98 
69.45 

157 


58.50 

19.19 

14.10 

53.38 

67.25 

63.99 

19.51 

15.13 

49.46 

57.93 

52.46 

69.33 

44.73 

63.79 

19.49 

15.41 

41.22 

46.40 
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Table I (cent,) 




IDIMS 

1973 

(Laurel 

window 

ISOCLS 

IDIMS 

sigs.) 

1978 

MSS 

Band 

4 

5 

6 

7 

4 

5 

6 


Res /Com 39.56 

33.41 

56.28 

57.56 

30.41 

35.71 

35.95 


42.07 

38.16 

61.64 

62.00 

25.03 

24.61 

52.46 


36.67 

27.58 

53.93 

57.61 

35.59 

46.12 

56.67 


39.55 

32.70 

46.10 

43.48 

29.87 

33.74 

49.07 


36.15 

27.16 

47.76 

48.86 

25.50 

25.61 

47.12 


39.63 

32.67 

51.79 

51.99 

27.65 

29.88 

51.87 


48.56 

46.96 

52.67 

45.81 

21.76 

19.28 

47.13 


43.58 

38.26 

41.59 

33.69 

33.14 

40.28 

47.71 


44.86 

43.67 

58.09 

54.55 

31.04 

34.63 

38.68 


43.61 

38.67 

50.92 

47.48 

27.35 

29.23 

43.30 

No. 








Pixels 


6820 



7325 

Water 

34.04 

22.92 

27.06 

21.61 

18.94 

12.73 

17.10 


No. 

Pixels 108 63 


ITRCLU 1978 
(1-95 window) 


7 

4 

5 

6 

7 

54.56 

27.52 

30.74 

53.47 

54.08 

56.04 

35.68 

45.22 

51.12 

43.36 

50.11 

26.05 

28.25 

46.39 

46.48 

47.09 

30.59 

36.28 

45.80 

41.45 


49.27 

52.83 

52.61 

41.85 

33.20 

42.00 

669 


15.37 
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RECENT DEVELOPMENTS WITH THE OftSER SYSTSl 

Gtorg* M. BatflMr, Srlan J. Turner and Wayne L. Nyara 

Office for Remote Senelng of Earth Reeourcea 
The Pennaylvania State Univeraity 


ABSTRACT 


The ORSER ayeten la a continually evolving remote aenaing data 
analyaia package. During the laat fev yeara, major additlona have been 
made to the Preproceaaing and Data Analyaia aub-ayatems and minor changea 
to the Dlaplay aub-ayatem. Ongoing developmenta are alao deacrlbed. 


INTRODUCTION 


The ORSER system has changed significantly in the past few years. The 
directions of change have been motivated by a number of factors. Including 
the rapid change in technology and the needs of users in a wide spectrum of 
areas. By no means is every new enhancement of the ORSER system described 
in this paper, but an effort has been made to stress the significant improve- 
ments. 

The ORSER system is fully documented in the "User Manual" (ref. 1). A 
new version of the User Manual should be available by June 1981. Earlier 
versions of the system have been described by Borden (ref. 2) and McMurtry 
et al. (ref. 3). An excellent introduction to the system has been prepared 
by ERRSAC (ref. 4). Since many ORSER users have gained their familiarity 
with the system through ERRSAC training sessions, we have used the version 
of ORSER used by ERRSAC in association with their OCCULT front-end system 
as a base for this discussion of recent developments. 


THE ORSER SYSTEM PHILOSOPHY 


The ORSER package now consists of about 35 individual programs that can 
be grouped into three general types. These types arc as follows: 

1. Preprocessing sub-system — The main function of these programs is to 
read data that are in one of a large variety of formats and convert 
that data into the 'ORSER raw data' format. This data set can then 
be read and processed by the Data Analysis programs. Also included 
in this group are programs that allow merging (overlaying) of data, 
windowing, spanning adjacent data, data transformations, bounding 
of Irregular areas and geometric orrectlon. (See figure 1.) 
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2. Data analysis sub-systesh— Once the data are In the 'ORSER raw data' 
fonat, any one of the analysis prograns nay be run on this data 
set. (See figure 2.) Most of these prograas produce a character 
map tdtlch can be stored on disk in the 'ORSER coopressed map' 
format for later display, or printed on a line printer. A number 
of supervised and unsupervised classifiers are available. Most of 
these prograsfi have default values for the parameters that allow a 
first look at the data with very little needed Input from the user. 

A detailed explanation of each program, the algorithm used and the 
default values are given In the ORSER User Manual (ref. 1). 

3. Display sub-system — Data In the 'ORSER compressed map' format can 

be displayed on a number of different devices. A correction program 
Is available that allows the map to be corrected for differences In 
the output device Itself as well as scale changes and geometric 
correction. Line printer maps are generated by each data analysis 
program and are therefore used extensively for at Intermediate 
%K>rk. (See figure 3.) 


EXTENSIONS TO THE ORSER SOFTWARE SYSTEM 


PREPROCESSING SUB-SYSTEM 


Additional Data Formats 


One of the real strengths of the ORSER system Is Its ability to handle a 
number of different data types from different scanners on different platforms 
In ever-changing formats. To keep this strength and to accomnodate the need 
to overlay different data types, the following programs were developed (or 
modified). A brief description of the function of each program Is listed: 

SUBAIR translates data from aircraft scanners into the 'ORSER raw data' 
format. 

REFORMAT reads data in a number of 'band sequential' formats Including 
VICAR and IDIM5. 

RFKTDTT reformats 'DIGITAL TERRAIN DATA' from the NCIC into ORSER format. 

SUBSET has been expanded to include the new formats for LANDSAT data 
generated after February 1979. 

A program is currently underway to read the HCMM data tapes. 


Data Management Programs 

Programs that allow data to be overlayed for the purpose of temporal 
analysis or improved classification were seen as a necessity. Also needed 
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was a method of looking at an irregular area such as a county or watershed. 
The follo%fing programs were developed to answer these needs. 


MERCS merges registered Landsat or other data from two overpasses of the 
same area. Z>ata «ire usually geometrically corrected and rotated 
using SUBGM before being registered. 

SPAN spans data from two adjacent panels of the same Landsat scene, or 
concatenates data from two consecutive Landsat scenes of the same 
pass. 

SUBOUND subsets an irregularly bounded area from an ORSER or Landsat 
tape into ORSER format. It is otherwise the same as the SUBSET 
program, which operates only on rectangular areas called blocks. 


Data Transformation Programs 

Programs that read *raw data' and transform it have been found to be 
useful by users in different disciplines. The transformed data can then be 
used by any of the ORSER data analysis programs. There are five programs 
that provide the means for doing a number of transformations, including 
principal components and canonical analysis. The first three programs (CANAL, 
RSCOR, and ROTATE) provide the means to actually transform the data* 

CANAL uses the techniques of canonical analysis to derive a set of 

orthogonal, linear transformations that maximize category separa- 
bility on as few axes as possible. The analysis is based on the 
mean vectors (or signatures) 'nd their corr3sponding variance- 
covariance matrices for input categories. The resulting trans- 
formation matrix can be input to other programs to transform the 
data and category signatures. 

RSOOR computes partial and multiple correlations from a variance- 
covariance matrix. 

ROTATE, given the variance-covariance matrix of a population, finds the 
principal components axes of the population and rotates selected 
axes to have equal variance over other selected axes. Equal 
variance rotation is sometimes useful for data display on film 
recorders. 


Geometric Correction Programs 

Geometric correction of data is necessary for three main reasons. First, 
if two data sets are to be merged, they must be registered before being 
merged* This can be a difficult iob, especially if the data types vary greatly. 
Second, often a researcher has the need for a map that will physically overlay 
another map for ground-truthing. Third, often a display device will not have 
tne same pixel dimensions as the data and this must be corrected or the data 
will be stretched in one direction or the other. The ORSER system provides 
for correction of either 'raw data' or already classified data. It also 
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provides for corrections of known parameters (e.g. , scale, pixel shape) and 
'rubber sheet stretching.' The latter is a method of correction «diere 
ground control points are used to define a transformation from an image 
reference system to a nap reference system. The following three programs 
provide the above features. 

EZLS reads in a set of ground control points and produces regression 

output of the functions needed by SUBGM or DISPGM to do the actual 
stretch. This program is needed only for the 'rubber sheet 
stretch' option. 

SUBQl can either correct the data using certain known parameters such 
as the scale or pixel configuration desired, or can perform the 
actual stretch given the functions from EZLS. This program works 
on 'raw data' only. 

DISPOl does what SUBQl does but only on data that have already been 
classified. 


DATA ANALYSIS SUB-SYSTEM 

Enhancements to data analysis techniques Include a maximum likelihood 
classifier (MAXCLASS) and a new version of the STATS program (USTATS) which 
makes delineation of training areas easier and allows for detection of 
'outlier' points. Another new program, STCLASS was written for use with the 
CLUS program. A brief description of each of these progr2uns follows. 

MAXCLASS classifies data by the maximum likelihood method given the 
mean vectors and variance-covariance matrices produced by the 
STATS or USTATS programs. 

USTATS is a version of STATS that computes statistics for elements within 
a training area that exhibit a certain level of local spectral 
uniformity. The appropriate level of uniformity is determined 
from UMAP output. The motivations for developing USTATS were to 
simplify the procedure for delineating training areas and to reduce 
the nund)cr of outlier elements Included in the computations. 

STCLASS produces a classification map based on the algorithm used in 
the CLASS program, and simultaneously generates statistics for 
selected input signatures. The sample for each signature consists 
of the pixels classified in the category defined by that signature. 
The statistics are the same as those generated by the STATS program. 
STCLASS was written primarily to obtain statistics for signatures 
output from the CLUS program, since CLUS only generates spectral 
signatures for each category. 


CHANGE DETECTION TECHNIQUES 

Two different ways of looking at change are currently available and a 
third is being developed. Change can be detected in two different classified 
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maps by using the MAPCOMP program described belov. Alternatively, raw data 
can be merged using the MERGE program and the resulting data set used with 
any of the data analysis programs. 

MAPCOMP compares tvo character maps, element by element, and outputs a 

comparison map and associated suamiary tables. Comparison categories 
are defined by specifying the input maps' symbol pair and a cor- 
responding output map symbol. 

MERGE merges registered Landsat or other data from tvo overpasses of 
the same area. Data are usually geometrically corrected and 
rotated using SUBGM before being registered. 


DISPLAY SUB-SYSTEM 

The IMAP program which formerly was used to produce line boundary and 
shaded classification maps on a Calcomp plotter has been adapted to plot on 
a variety of devices including Tektronix's 4010 CRT terminal and 4662 plotter. 


UNDER MIVELOPMEMT 


Listed briefly below are projects that are currently underway. 

a Expansion of the system to handle larger data sets. The maximum 
line length of a data line in the ORSER format is being expanded 
from 3696 bytes to 18410 bytes. This will allow 'full*»scene' 
capability on a 5-channel data set. It will also make the system 
more flexible in handling merged data sets. Ihis version of the 
programs will be available in June 1981. 

• In an effort to make the programs easier to install on a wider 
variety of computers, an all-PORTRAN version of the ORSER system 
will also be available in June 1981. 

• A system of programs that will handle polygon data is currently 

being developed. They will perform such operations as: polygon to 

grid format conversion, editing of digitizer data, overlaying of 
polygon data onto grid data for display purposes, and calculation 
of area statistics. 

• A method to visually evaluate a particular set of geometric correc- 
tion functions before the transformation is actually done is being 
developed to enhance our correction process. 

• A front-end system similar to ERRSAC's OCCULT is being developed 
using Penn State's Interact editing system to set up the JCL program 
steins. This front-end is user-oriented and eliminates many of the 
job control errors with which RJE users had to contend. The currrent 
version is set up for about half of the ORSER programs. It is hoped 
that by the end of this year, the entire system will be built into 
this framework. 
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• MASK, a pzogran that will allov the overly of raw data with a 
classified nap to ellednate certain categories. Is being written. 

This progran is being developed to laplenent an algorltha that 
will be used by KASA/GSFC and the Pennsylvania Bureau of Forestry 
Division of Forest Pest Manageaent to classify levels of gypsy 
ooth defoliation In forests over entire state of Pennsylvania. 

a A ZONAL system Is being written. A cosaon deficiency of most systeas 
for processing Landsat data Is lack of provision for incorporating 
classification results with Inforaatiop derived froa other sources. 
The ZONAL system will provide the ability to aggregate classifica- 
tion results over externally defined geographic referencing units 
such as grid cells or polygons. Output will be a listing (file) of 
aggregated data by geounit. Such a file can be readily fonaatted for 
direct entry as an additional layer in a host information system 
where non- remote sensing information resides. 


CONaUDING REMARKS 

The ORSER system is highly dynamic. In the past we have relied on 
Informal communication and such opportunities as this to keep users informed 
on the latest developments. With the large number of versions now being 
used, this is no longer possible. Furthermore, users are beginning to adapt 
the system to their own needs. Although we generally hear of this, such 
information often doesn't get to other users who may well benefit from it. 

To act as a medium for this kind of exchange, some users have recently 
suggested the formation of an ORSER Users' Group, a thought that we have had 
for some time. ORSER is willing to sponsor this, with shared financial re- 
sponsibility by users. Our immediate goal would be to establish a (quarterly?) 
newsletter with material solicited and compiled by an ORSER staff member. 
Hopefully, this will provide an avenue for suggestions as to what else the 
'Users Group’ might do. 
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- REFORMAHING 
SUBSET--ERTS/ landsat 

SUBAIR— AIRCRAFT MSS 
REFORMAT— BSQ* VICAR, IDIMS 
RFMTDTT— DIGITAL TERRAIN DATA 

- DATA MANAGEMENT 

MERGE— OVERLAYS 
SPAN" JOINS 

SUBOUND— IRREGULAR AREAS 

CONSOL— CONSOLIDATES DISJOINT BLOCKS 

- DATA TRANSFORMATION 

SUBTRAN— P.C. AND CANONICAL 
RSCOR, ROTATE, CANAL 
SUBTEXT— TEXTURE FEATURES 

- GEOMETRIC CORRECTION 

EZLS— FUNCTION GENERATOR 


SUBGM—CORRECTION TRANSFORMATION 


ORSEP FORMATTED TAPE 



Figure 1. Components of Preprocessing Subsystem 
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ORSER FORMAHED TAPE 


DATA ANALYSIS SUBSYSTEM 

-CLASSIFICATION 

•SUPERVISED 

- TRAINING SET SELECTION 

NMAP. UMAP, STATS, ustats 

- CLASSIFICATION 

CLASS, MAXCLASS— MAXIMUM LIKELIHOOD CLASSIFICATION 
PPD— PARALLELEP I PED CLASS I F I CATION 

•UNSUPERVISED 
CLUS, STCuss 

-COMPARISON 

MAPCOMP--COMPARES TWO CLASSIFIED MAPS 


ORSER COMPRESSED MAP 


Figure 2. Components of Analysis Subsystem 


209 






OfOQMM. PAGE M 
OP POOR QUALITY 



Figure 3 . Components of Display Subsystem 
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THE USE OF LANDSAT BY THE STATES FOR WATER QUALITY ASSESSMENT 


Elisabeth M. Middleton 
ERRSAC 

Goddard Space Flight Center 
Greenbelt, MD 20771 


ABSTRACT 

The use of landsat for water resources applications In U.S. state demonstration 
projects is reviewed. The inost common single application undertaken between 1976 
and 1981 was found to be water condition assessment. The majority of projects, 
however, fell into the general category of watershed hydrology. Some of the 
states '*n ERRSAC* s 19-state region are attempting to use Landsat data in an 
operatlt ; mode for water quality assessment. Two of these state projects from 
Vermont an. Wisconsin are described in brief. The basic information requirements 
of Section 31A of the U.S. Pollution Control Act are givoi with the type of input 
landsat data could potentially provide toward those requirements. Suirveys were 
performed by ERRSAC to determine (a) how its states were responding in 1980-1981 
to the federal and state water quality laws; and (b) the status of Landsat 
analysis capabilities of each state. 

INTRODUCTION 

In recent years, Landsat has been utilized for input to an Impressive variety of 
projects for water resources applications. As diverse as they appear, they can 
for the sake of simplicity, be placed in two general categories — watershed 
hydrology and water body condition studies as shown in Figure 1. For the former, 
maps locating the surface extent of snow cover, land cover types, and surface 
water are produced from Landsat data in conjunction with supporting ground truth. 
Acreages for these cover types are input, along with other resource data, into 
the appropriate hydrologic model for predicting or estimating water supply, 
erosion potential, or water quality (in terms of turbidity) related to erosion. 
For water condition assessment, maps of the distribution patterns of water 
parameters, especially those related to turbidity, can be produced from high 
quality Landsat data. The estimated values of these parameters are used as 
input, with supporting surface truth data, to models which estimate or predict 
the general water quality of a water body. 

THE USE OF LANDSAT BY THE STATES FOR WATER RESOURCES 

According to information available through the NASA Regional Applications Program 
and the 1978 "ISETAP" document prepared by the Intergovernmental Science, Engi- 
neering and Technical Advisory Panel for the Executive Office of the President of 
the United States, the majority of the state Landsat demonstration projects in 
water resources have been in the general category of watershed applications. 
However, the single application with the greatest interest as evidenced by num- 
bers of projects was water body condition assessment. Twent/-nlne projects for 
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this application were raportad out of tha approxinataly 120 landsat water 
resource projects involving 39 states in the U.S. up through the 1980 celehdar 
year. The next most comison application was land cover mapping for arosion poten- 
tial assessment (19), followed by surface water inventories (15), flood plain 
mapping (13), and general planning and management (11). Other less common appli- 
cations included basin studies, irrigation management, shoreliD.e delineation, 
snowcover mapping, and reservoir volume estimation, as shown in Table 1. The 
proportional representation of each application area is presented in the pie- 
chart in Figure 2. 


WATCR msouRces 



• WQMLATIOTD 
MBMMirAnON « 
TUMRMTY 

• WATm8um.v 



Figure 1. A schematic representation 
of the use of Landsat data 
for water resource 
applications 


Figure 2. The percentage break-out 
of state Landsat water 
resources projects, 
1976-1981 


An Interesting trend in the adoption of operational uses of Landsat data based on 
the results of demonstration projects emerged from the above information and is 
represented in histogram form in Figure 3. While states participated in from one 
to eight water resource projects each (in most cases, in addition to other appli- 
cations such as agriculture, forestry, and geology), those states with three or 
more water resources projects were more likely than others to designate at least 
one of these projects an operational application within that state. Furthermore, 
while few states participated In more than five different water resources 
projects, those tliat did reported all of these to represent operational appli- 
cations In their resource management programs. Apparently, demonstrated success 
within a stete requires several successes In water resources applications before 
any application Is adopted as operational, but these successes increase confi- 
dence In Landsat and facilitate the adoption of related applications. The 
exception Is where a single project In a state leads to Its operational status 
almost Immediately as was the case with watershed applications in four states. 
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UfflBSAT AND STATE WATIE QUALIff TEC5CMMS 


Consistent with the national focus, the water resources applications of most 
interest for state Landsat dmonstrstion projects and lASA-funded research in 
EESSAC’s region have been in mtcr/wter body condition as«e8sa«»t, geaserslly 

referred to as water quality aasessment. In tfe*" rbsenca of an endorsed approach 
by KASA, the states desiring to use land sat data for water quality asaeasBiint 
have proceeded, out of necessity, on their own. The techniques used have varied 


water quality. In Vermont, the Mpsrtmeat of Water teaources was interested In 
correlating tks routine samples of Secchi di«; depth, chlorophyll a and phos~ 


data acquired on the same day. Of particular interest were seasurcnenta of the 

saSiment and nutrient load associated with spring runoff. These me&mrmmta 
have been good predictors in Vermont of water clarity, as indicated by Secchi 
depth, la the suwser months. Suaerical estimates of turbidity-related •■.'ater 
paraaeters and laaps showing their distribution patterns constituted the primary 
Informstlm need for Vermont. These data were used to classify lakes and to 
8oppl«B«nt the field data In unsample areas and provide distribution maps of 
patterns not apparent with point samples. To accomplish this in-house, the WE 


of the OISIE system developed at PennsylvTOla State diversity which resides at 
the tJhiversity of Verwjnt and is available to user agencies. An overview of the 
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data analysia procaduraa worked out for Varaont by EIlRSAC to aceoapllah thalr 
goala ualng the ORSER ayatea la ahcwn In Figure 4. 

The Wlaconaln DNR'a goala to accoapllah lake claaalf Icatlon according to trophic 
atate are very different. Hare the eaphaala la on dr.teralnlng average water con- 
dltlona within a lake, eapeclally thoae related to turbidity. In order to 
evaluate trophic atatua. Field aaaplea taken the aaae day aa tha Landaat over- 
paaa are obtained ae often aa poaalble and Input to a nodal developed by the Uni- 
verait j of Ulaconaln^dlaon. The methoda to acconpllah thla aet of requlreaienta 
with Landaat data are aunnarlsed In Figure 5. 
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Figure A. The Vermont Lendeet date 
analysis methods for the 
state Lake Study, an out- 
growth of the Lake Champlain 
study 


P3.gure 5. The Wisconsin Lanosat data 
analysis methods for the 
statewide lake Classifi- 
cation Study 


MOTIVATING FACTORS FOR STATE WATER QUALITY M(MIITORING PRXRAMS 


In order to provide technical guidance to our stetee ae requested, ERRSAC became 
involved in the evaluation of landaat data aa a transferable technology for water 
quality studies. The emphasis of this evaluation has been to (a) determine the 
user requirements for water quality assessment; (b) identify the landaat analysis 
techniques In use; (c) compare methodologies of these techniques; (d) compare 
the information derived using these techniques; and (e) identify techniques for 
further study and/or development . 
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Although the particular water quality information needs of a state may vary, they 
originate from a common source. Resource management’s concern for maintaining 
water quality standards and for understanding the impact of cultural activities 
on water quality have provided a conmon driver in all the states for acquiring 
vater quality information. Hore importantly, though, state and federal legis- 
lation mandates the acquisition and reporting of certain types of water quality 
Information. These resource laanagement needs and legislative requirements can in 
part be supplied by landsat data, especially in those states which support a geo- 
based data base for natural resources. 

The most Important legislation addressing water quality is the Federal Water 
Pollution Control Act of 1972 (Public law 92-500), commonly referred to as the 
Clean Water Act, which is regulated by the U.S. Environmental Protection Agency 
(EPA) . The portion of this law which creates the most burdensome demands on 
states is Section 314 which requires that EPA assist the states in controlling 
sources of pollution which affect the quality of freshwater lakes and assist in 
the restoration of lakes which have been degraded. A primary goal Identified for 
the program for the 1980-1985 time period is to ensure that at least one %»ter 
body within 25 miles of every major Standard Metropolitan Statistical Area (SMSA 
as defined by the U.S. Bureau of the Census) is suitable for contact recreation. 
This is to be accomplished by either protecting an existing lake with acceptable 
water quality or by restoring a degraded lake to an acceptable condition. EPA 
has also established live specific objectives for this time period: (1) to 

select projects which maximize public benefits; (2) to Integrate The Clean Lakes 
Program (as it w<ts defined by EPA prior to 1980) with other environmental and 
water quality programs; (3) to emphasize watershed management; (4) to develop 
active state involvement and maintain federal/state partnerships; and (5) to 
conduct continuous programs and project evaluations. 

Section 314 is composed of three major parts, each of which has its own specific 
requirements. These are: 

1. The Inke Classification Survey, which requires each state to Identify 
and classify all publicly owned freshwater lakes in the state according to 
eutrophic conditions; 

2. The Phase 1 Stcdy, which Involves deriving procedures, processes, and 
methods (including land use requirements) to control sources of pollution of 
these lakes; and 

3. The Phase 2 Study, which includes developing methods and procedures in 
coiijvmction with appropriate federal, state and local agencies, to restore the 
quality of these water bodies. 

Each year, beginning in 1981, the states will prepare and submit a report to EPA 
containing Information required in these three sections. 

It was the comprehensive requirements of this legislation which encouraged states 
like Wisconsin and Vermont to examine landsat as a means of acquiring information 
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that could not otherwise be obtalnad practically* The basic information 
requireaents of this act and the type of input landaat data could potentially 
provide toward those requirements are listed in Table II. 



Table II. Critical Elements of the 

Clean Water Act, Section 314 


Table III. Results of the Telephone 
Survey Determine How 
ERRS\<J*s States are 
Rt::sponding to Legislative 
Requirements for Water 
Quality 


ERRSAC’S STATES 


The states in ERRSAC's region have been actively Involved in water quality moni- 
toring and assessment programs. This was borne out by a telephone survey per- 
formed by ERRSAC of the water resource agencies in its states, which found 
that 11 of the 19 states were currently involved in water quality programs (see 
Table III). EPA requirements provided impetus for most of the state programs 
although all but one of these states also had state water quality laws similar to 
the federal requirements governing maintenance of standards. Host of these 
states were in the midst of approved Phase I and II projects, and the majority 
had already acquired either lake classification data comparable to Phase I 
requirements or bad already completed their lake classification survey for 1982. 
Half of the states contacted by phone have used Land sat in some way for water 
quality surveys. Every state contacted would use Land sat data in water quality 
monitoring if the data could be obtained on a reliable basis. Also, assistance 
with this technology would be welcomed. A complete state-by-state survey 
revealed that nine states in ERRSAC's region (see Table IV) have partici- 
pated in a water quality monitoring program using Landsat digital data. 


In order for a state to use Landsat data in an operational mode for water 
quality monitoring and assessment, it must have access to a Landsat analysis 
capability. This Ic especially important in the early phases of incorporation 
of Landsat data into a state program when the agency attempting to use new tech- 
nology must understand how to tailor the data for their particular needs. 
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Contracting out is feasible at an advanced stage of the process when the benefits 
and limitations of the data are %rell understood and the preferred methodologies 
are well established. To ascertain the status of state Landsat capabilities in 
ERRSAC's region as an indicator of the readiness of states to directly engage in 
the examination of this technology, the information available from the state tech> 
nology transfer programs initiated and managed through ERRSAC was pooled. The 
regional profile which emerged is presented in Table IV. This survey shows that 
17 states have a digital analysis capability. This capability typically resides 
with a state university but may be state-agency based or developed cooperatively 
between the state agency and the university. However, only four states are 
presently considered operational or near operational in Landsat technology. 
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Table IV. The Status of State Landsat Capabilities In ERRSAC' s Region 
CONCLUSI(»^S 

From this brief review of state needs for meeting requirements In water quality. 
It Is apparent that Landsat data can be a valuable addition to traditional means 
of data acquisition. The states, at least In ERRSAC* s region, have the tech- 
nological expertise to use landsat deta. In fact, landsat data are being used 
successfully by some states to meet EFA Section 31A requirements. Other states 
and organizations are interested in using landsat for water condition assessment. 
But the appropriate methodologies for using these data for water quality work 
must be more firmly defined. This Is because the technology is currently limi- 
ted to states with acknowledged expertise. Development of endorsed methodolo- 
gies will simplify the process for new users, thereby Increasing Its appeal and 
transferability. To that end, NASA and EPA are both In the process of evalu- 
ating the state-of-the-art remote sensing lake classification technology. 
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ABSTRACT 


A cooperative program betvieen the Wisconsin Department of Natural Resources 
(DNR) and the University of Wisconsin-Madison (UW-MSN) has resulted in the 
assessment of the trophic condition of approximately 3,000 significant inland 
lakes in Wisconsin. The project has investigated the feasibility of using 
both photographic and digital representations of Landsat nwlti spectral scanner 
(MSS) data for lake classification. The result of the project has been the 
development of a nearly automated system which, with minimal human 
interaction, locates and extracts the lake data, then corrects the data for 
atmospheric effects, and finally classifies all the significant lakes in the 
state as to trophic condition. 

INTRODUCTION 


Wisconsin is rich in lakes. There are about 15,000 lakes in the state 
totalling almost 1,000,000 acres. In addition, the portions of Lake Michigan 
and Lake Superior lying within Wisconsin boundaries total 6,439,700 acres. As 
a result, lakes are a very important natural resource to Wisconsin with 
recreational use of the lakes forming a significant part of the state's 
econoiny. As the trend continues towards ever increasing recreational use of 
Wisconsin's inland lakes, so has the rate of eutrophication. At the same 
time, though, Wisconsin has increased its awareness of the importance of 
protecting lakes as a resource. Efforts have been directed toward lake 
trophic classification as well as lake management, protection, and 
rehabilitation. Both Federal legislation (PL-92-500 of the Federal Water 
Pollution Control Act Amendments) and state legislation (Wisconsin's Lake 
Protection and Rehabilitation Law) require the Department of Natural Resources 
(DNR) to monitor and classify all the significant lakes in the state. 



BACKGROUND 


Initial efforts by the DNR to respond to PL 92-500 were to classify by 
conventional field methods about 1100 lakes over 100 acres in size . A Lake 
Condition Index (LCI) based on Secchi disk depth, hypolimnetic dissolved 
oxygen, and winter fish kill was used to classify lakes. Because this method 
proved to be very costly in terms of collecting the lake data, the Wisconsin 
DNR in 1974 initiated a project to investigate the feasibility of using 
Landsat satellite imagery to monitor inland lake water quality. The DNR 
contracted with the Institute for Envi ronmental Studies (lES) at the 
University of Wisconsin - Madison to conduct the research project. The goal 
of the research was to develop a nearly automated system which, with minimal 
human interaction, would locate, extract, and correct the satellite data and 
then would classify each lake in the state at a minimal cost. 

INITIAL INVESTIGATIONS 


The analysis program was designed around an interactive graphics terminal 
and The Madison Academic Computing Center's UNIVAC 1110 computer. Landsat MSS 
brightness values for particular lakes were obtained from images of Landsat 
digital data displayed on cathode ray tube (CRT) screens. Using digital data 
derived from 37 lakes, lakes were classified using the relationship between 
Band 5 scene brightness and Secchi disk depth. (Figure 1). Much of the 
scatter around the regression line can be explained by the interval between 
the field sampling date and the Landsat overpass date. 

Since Secchi disk depth is a somewhat arbitrary water quality parameter, 
turbidity was also measured in 27 lakes. Landsat Band 5 data were correlated 
with the turbidity measurements. The correlation between measured turbidity 
(field data) and predicted turbidity from the satellite was quite good 
(Figure 2). 

Since determining the trophic state of a water body should be more than just 
looking at Secchi disk depth or turbidity at one point in time, a multi -date 
analysis was conducted. Satellite data variation over an entire season from 
spring to fall was evaluated. The condition of lakes investigated ranged from 
oligotrophic to eutrophic. For almost all lakes, as the algal turbidity 
levels increased during the summer months, the brightness values in Band 5 
increased. Figure 3 illustrates the difference in Band 5 reflectance on 
August 3, 1975 and September 26, 1975. It became apparent from this that just 
one date of Landsat MSS data would be inadequate to monitor something as 
dynamic as a water body. 

Also, it was found, after careful examination of satellite imagery, that 
light atmospheric haze significantly increased reflectance values. Rgure 4 
shows the difference in lake reflectance from one day to the next due 
primarily to atmospheric effects. The need for atmospheric correction was 
apparent. 
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As a result of initial investigations it was concluded that: (1) the 

Landsat multi spectral scanner was capable of monitoring lake trophic 
conditions; (2) multi -temporal data were necessary, and (3) corrections for 
atmospheric effects on data needed to be made. 

PRESENT METHODOLOGY 

SEMI-AUTOMATIC TECHNIQUES 

After the initial investigations in 1974-75, the DNR and the University of 
Wisconsin - Madison embarked on a joint project to classify lakes utilizing 
1976 Landsat multi spectral scanner data. EPA and NASA supplied the funding 
for this project. All lakes greater than 20 acres in size and deeper than 
8 feet were included in the study. It was decided by DNR limnologists that a 
minimum of three dates of Landsat data would be necessary for classification. 
This necessitated the development of a highly sophisticated and versatile 
computer program package for the navigation and extraction of digital 
satellite data. Details of these programs are documented elsewhere 
(References 1, 2, and 3). Only a short description of the data extraction 
procedures will be related here. 

Each lake is located on a USGS topographic map and the coordinates of its 
bounding polygon are digitized and stored on a computer file (Figure 5). In 
a-dition, control points corresponding to easily recognized points on 
satellite imagery are digitized, and their latitude/longitude coordinates are 
placed on computer files. Figure 6 shows a typical control point character 
map for Pewaukee Lake in Waukesha County. 

Each Landsat computer-compatible tape (CCT) is navigated by an affine 
transformation program using the digitized control points. Each lake is then 
located in the scene and the lake pixels within the polygons are extracted. 
From these extracted pixels, the lake's spectral values for Bands 4, 5, and 6 
and the means and variances of those band values are stored for 
classification. Usually the only interpretive assistance necessary in this 
process is in the satellite navigation procedure and in the inspection of the 
extracted output to confirm that the navigation was accurate. 

After the data are extracted and just prior to classification, an 
atmospheric correction of the satellite data is performed. The recorded 
signal from the satellite is corrected for the effects of scattering and 
absorption in the atmosphere. All dates of data are normalized to the 
clearest day. Figure 7 is a block diagram showing the procedure for the 
Wisconsin Lake Classification Programs. 

CATEGORIZATION SCHEME 

It was determined that the desired product for this lake classification 
system would be a numerical designation for each classified lake indicating 
the severity of any water quality problem. With this in mind, DNR 
limnologists developed a lake categorization scheme (Table 1) utilizing ground 
sampling data and personal experience to classify 45 lakes. Organic nitrogen, 
total phosphorus, turbidity, and Secchi disk depth measurements were used to 
validate their conclusions about the lakes' classification. 
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EXPERIMENTAL RESULTS USING 1976 LANDSAT DATA 

Landsat data values were extracted from 1976 scenes and the data were 
corrected for atmospheric effects. A nine-parameter regression equation was 
used to correlate the Landsat data with the DNR categorization for the 45 
sampled lakes. A trophic class number was predicted by the regression 
equation and rounded to the nearest integer. To check on the model's 
reliability to predict trophic classes, the observed trophic class numbers 
(compiled by DNR limnologists) were plotted against the numbers predicted by 
the regression equations. As Figure 8 shows, the observed values differed 
from predicted values by more than one in a number of cases. Ideally the 
predicted trophic class numbers would be within one of the observed trophic 
class numbers. A certain amount of subjectivity was involved in determining 
the observed trophic class numbers which accounts in part for some of the 
variabili;;y between observed and predicted trophic class numbers. Some 
suLijectivity is desirable in a classification system because eutrophicaton in 
the public's view involves different standards of acceptability. 

Although the model was considered by DNR limnologist to be less than 
desirable as a predictive tool for lake classification, the regression model 
was Msr>d to classify the remainder of the lakes throughout the state to 
fulfi' the requirements of a grant agreement. The final output listed each 
lake by county and classified them by trophic state with the number of dates 
used for each classification also included. Table 3 depicts a typical 
representation of the lake classification output for Waukesha County, 
Wisconsin. Reference 4 contains the results of a demonstration project using 
1976 Landsat data, and reference 5 contains the complete lake classification 
utilizing 1976 Landsat data. 

In addition to classification as to trophic conditon, lakes vvcfe also 
classified as to type. The different type classes included: clear,' humic, 

algae, silt, or macrophyte, depending on the most distinctive lake 
characteristic. Type classes are not mutually exclusive and thus it is 
difficult to delineate lakes by type. 

The type classification procedure, like the trophic classification, depends 
on the spectral characteristics of Bands 4, 5, and 6. A three-dimensional 
plot is made using the signal values of each of the three bands. In 
principle, the spectral data of lakes of different type classes should 
separate into unique ellipses. Figure 9 shows the distribution of data points 
for a clear and algae lake plotted for two dimensions (Bands 4 and 5). 

However, ONR limnologists were not entirely satisfied with the type 
classification because of overlapping type spectral characteristics. This was 
due in part to the limited amount of field data that were available in 1976. 

EXPERIMENTAL RESULTS UTILIZING 1979 AND 1980 LANDSAT DATA 

The 1976 demonstration project showed that an operational method for 
statewide lake classification could be developed using Landsat data. As a 
result, interest front both the State of Wisconsin and EPA generated continued 
funds. A grant of $100,000 was committed by EPA in 1979 to continue this 
project utilizing 1979 and 1980 Landsat data for lake classification. 
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Data Mere extracted In 1979 and 1980 from the CCTs In the same manner as the 
1976 data (except for slight program modification for the new Band Sequent'* a1 
Format). However, because the regression model used In the earlier lake 
classification scheme (Table 1) was lesr reliable. It was replaced with 
Carlson's trophic state Index (TSI) (Reference 6). A numerical scale from 
0-100, was used In the Carlson TSI. This Is In direct contrast to the lake 
categorization method developed by DNR llmnologists that had a scale from one 
to seven. As opposed to the more subjective lake classification scheme, the 
Carlson Index can be calculated from any of several parameters. Including 
Secchl disk transparency, chlorophyll, and total phosphorus. Table 4 shows 
the relationship between the Carlson TSI numbers and associated parameter 
values based on data from Wisconsin lakes. Each major division (10, 20, 30, 
etc.) represents a doubling in algal biomass and a halving of Secchl disk 
transparency. The lake trophic classification methodology Is based on the 
ability of Landsat to predict field sampled parameters and then to Incorporate 
these values Into Carls^'.i's TSI scheme. 

Lake sampling corresponding to satellite overpasses was done In the summer 
of 1979 and 1980 and will continue In 1981. A number of regression analyses 
were performed between various transformations and combinations of lake field 
parameters (Secchi disk depth, color, turbidity, and chlorophyll -a 
concentration) and satellite data values (Reference 7). These correlations 
utilized field measurements and extracted Landsat data from 80 lakes. The 
field measurements were taken within four days of a corresponding Landsat 
overpass. Of the regression ana1yf2s run, the best relationship was between 
the ratio of Band 4 to Band 5 and chlorophyll -a concentration. Natural 
logarithms were taken of both the chlorophyll -a data and the ratios of Bands 4 
and 5. Figure 8 shows a plot of the natural logarithms of chlorophyll-a 
concentration and the ratios of Bands 4 and 5 on a subset of data from 26 
southern Wisconsin lakes. The following equation shows the relationship of 
the data plotted in Figure 10. 

In Chl-a = 4.04 - 2.38 In B4/B5 r? = 75.3 (1) 

Using the chlorophyll-a concentration derived from this regression equation 
and Carlson's relationship for incorporating chlorophyll-a concentration into 
his index scheme (Equation 2), a predicted TSI was calculated for the data set 
on 26 southern Wisconsin lakes. TSI (chia) = 10(6 - 0.715 - .468 Ln Chla^ (2) 

\ Dr“2 — ) 

Table 5 compares the predicted TSI with measured {or field calculated) TSI 
numbers. The predicted and measured TSI values compared favorably. 

Because the lakes in northern and southern Wisconsin are chemically 
different, regression analyses were run separately for each group of lakes. 

Due to these morphological differences in lakes, several regional predictive 
models will be used to classify lakes rather than having a single statewide 
model . 

The ability of Landsat to predict levels of chlorophyll-a in lakes makes it 
easy to incorporate into Carlson's index. As additional ground truth data 
become available, investigations will continue to predict color and levels of 
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turbidity from satellite data. If color and turbidity can be predicted from 
satellite data, then it would be possible to correct for the effect of color 
and turbidity on Secchi disk depth. The corrected Secchi disk depth would be 
an additional tool to determine the lake's trophic state using Carlson's index. 

The current lake classification efforts are scheduled to be completed by 
January 1, 1982. A report will be submitted to EPA detailing the results of 
the classification. 

DISCUSSION AND CONCL'JSIONS 


The results of the regression analyses between certain Landsat 
parameter values and ground truth information are very good. Nearly all lakes 
with good ground calibration were classified correctly within DNR criteria. 
Review of the preliminary 1979-80 results has been favorable from DNR field 
personnel . 

The computer and personnel costs for executing the lake classification 
programs are very modest. Considering cost for computer time and data 
acquisition, lakes in one scene with three d?.t'3S of satellite data can also be 
classified for approximately $1,400 plus four weeks of personnel tine. Ten or 
eleven Landsat scenes include most of the lakes in Wisconsin. The estimated 
cost of classifying the lakes in the State of Wisconsin for 1976 was 
approximately $16,000 plus twelve months of personnel time. This project has 
demonstrated that Landsat digital data is a cost-effective approach for 
assessing lake water quality. 

An important aspect of this lake classification program is its flexibility. 
Different regression models can also be developed and used for different 
regions based on the water quality of that particular region. This approach 
to lake classification is reasonable since public standards and concepts of 
eutrophication differ between regions within a state. 

The Landsat S' ellite mul ti spectral scanner data can be used to monitor 
trophic changes in lakes over time. Shoft-range goals are to classif> all 
significant lakes in the state by Carlson's trophic state index using 1979-80 
Landsat data. The 1976 data will then be reclassified using Carlson's TSI and 
compared to the 1979-80 results. The changes in the lakes over the three- to 
four-year period can then be monitored. The long range goals are to 
reclassify lakes in Wisconsin over an eight- to ten-year period to monitor 
trophic changes over a longer time period. 

Further research is still needed to develop better atmospheric correction 
models and to study further the relationships between Landsat spectral values 
and measured water quality parameters. The lake classification program 
utilizing Landsat is regarded as a successTul operational project in 
Wisconsin. This success is due to the close cooperation between DNR and 
University personnel from the inception of the project, as well as continued 
funding from NASA and EPA. Techniques developed in Wisconsin for lake 
classification could quite feasibly be extended to other states. 
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TABLE I. LAKE CATEGORIZATION SCHEME 


Class Class # 


Ollgotrophlc - 0 1 

On 2 

Mo 3 

Mesotrophic - M 4 

Me 5 

Em 6 

Eutrophic - E 7 
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Table II. FORTY FIVE CONTROL LAKES WITH OBSERVED AND PREDICTED TROPHIC CLASS NUMBERS 


Lake Name 

County 

Observed 
Trophic Class 
Numbers 

Predicted 
Trophic Class 
Numbers 

Difference 
Observed between 
and Predicted 

Upper Nemahbln 

Waukesha 

3 

2.0 

1.0 

Mason 

Adams 

6 

4.3 

1.7 

Oconomowoc 

Waukesha 

3 

1.8 

1.2 

Rock 

Jefferson 

3 

3.6 

- 0.6 

Ripley 

J»‘fferson 

4 

3.7 

0.3 

Nagawicka 

Waukesha 

4 

3.2 

0.8 

Castle Rock 

Juneau 

6 

3.9 

2.1 

Monona 

Dane 

5 

3.3 

1.7 

Beaver Dam 

Dodge 

6 

6.5 

- 0.5 

Waubesa 

Dane 

5 

4.8 

0.2 

Fox 

Dodge 

6 

7.1 

- 1.1 

Kegonsa 

Dane 

5 

5.6 

- 0.6 

Metonga 

Forest 

2 

3.2 

- 1.2 

Stevens 

Forest 

6 

4.0 

2.0 

Roberts 

Forest 

4 

3.4 

0.6 

Pickerel 

Forest 

6 

3.9 

2.1 

Enterprise 

Langlade 

5 

4.0 

1.0 

Greater Bass 

Langlade 

4 

3.0 

1.0 

Rollingstone 

Langlade 

6 

4.0 

2.0 

Crystal 

Lincoln 

1 

3.1 

- 2.1 

Long 

Li ncol n 

3 

3.8 

- 0.8 

Archibald 

Oconto 

2 

3.3 

- 1.3 

Tomahawk 

Oneida 

2 

2.8 

- 0.8 

Two Sisters 

Oneida 

2 

2.7 

- 0.7 

North Nokomis 

Oneida 

3 

3.3 

- 0.3 

Cl ear 

Oneida 

1 

2.4 

- 1.4 

Little Tomahawk 

Oneida 

2 

2.8 

- 0.8 

Muskel lunge 

Oneida 

4 

4.8 

- 0.8 

Oneida 

Oneida 

6 

5.0 

1.0 

Katherine 

Onei da 

1 

2.8 

- 1.8 

Bearskin 

Oneida 

4 

4.6 

- 0.6 

Mi nocqua 

Oneida 

3 

3.3 

0.3 

Pelican 

Oneida 

4 

4.2 

- 0.2 

George 

Oneida 

5 

5.1 

- 0.1 

Crescent 

Oneida 

4 

3.7 

0.3 

Horsehead 

Oneida 

7 

7.2 

- 0.2 

Big Crooked 

Vilas 

1 

2.5 

- 1.5 

Black Oak 

Vilas 

1 

2.4 

- 1.4 

North Twin 

Vilas 

3 

3.3 

- 0.3 

Big Muskel lunge 

Vilas 

3 

2.4 

0.6 

Catf’sh 

Vi 1 as 

4 

5.1 

- 1.1 

Pickerel 

Vilas 

5 

5.1 

- 0.1 

Little St. Germain 

Vilas 

4 

4.6 

- 0.6 

Big Bass 

Vilas 

4 

2.6 

1.4 

Muskel! unge 

Vilas 

7 

5.3 

1.7 
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TABLE III. LAKE CLASSIFICATION OUTPUT FOR WAUKESHA COUNTY, WISCONSIN 



1 

Ashtppun 

4 

Algae 

,t- 

Beaver 

3 

Algae 

i 

Big Muskego 

7 

Algae 

A 

Cornel 1 

6 

Algae 

!> 

Crooked 

5 

Macrophyte 

6 

Denoon 

5 

A1 gae 

7 

Dutchman 

4 

Algae 

8 

Eagle Spring 

5 

A1 gae 

9 

Forest 

4 

Macrophpyte 

10 

Fowl er 

4 

Algae 

n 

Golden 

5 

Algae 

12 

Hunters 

5 

Algae 

13 

Keesus 

4 

A1 gae 

14 

Lac LaBelle 

4 

Algae 

15 

Little Muskego 

5 

Algae 

16 

Lower Genesee 

4 

Algae 

17 

Lower Nashotah 

3 

A1 gae 

18 

Lower Nemahbln 

4 

A1 gae 

19 

Lower Phantom 

5 

A1 gae 

20 

Merton Millpond 

5 

Algae 

21 

Mid Genesee 

3 

Algae 

22 

Montery fllllpond 

4 

Algae 

23 

Moose 

4 

A1 gae 

24 

Nagawicka 

4 

Algae 

25 

North 

3 

Algae 

26 

Oconomowoc 

2 

Algae 

28 

Ottawa 

6 

A1 gae 

29 

Pewaukee 

4 

A1 gae 

30 

Pine 

4 

Algae 

31 

Pretty 

3 

Algae 

32 

Rainbow Springs 

5 

A1 gae 

33 

School Section 

6 

Algae 

34 

Silver 

3 

A1 gac 

35 

Spri ng 

7 

Algae 

36 

UN S23.14T8R17 

5 

A1 gae 

37 

Upper Genesee 

5 

Algae 

.38 

Upper Nashotah 

3 

A1 gae 

39 

Upper Nemahbin 

3 

Algae 

40 

Upper Oconomowoc 

6 

Algae 

41 

Upper Phantom 

5 

Algae 

42 

Waterville Millpond 

5 

A1 gae 

43 

Wood 

5 

Algae 
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TABLE IV. RELATIONSHIP BETWEEN CARLSON TSI NUMBERS AND ASSOCIATED WATER 
QUALITY PARAMETERS ON WISCONSIN LAKES 


SeccM Disc Surface Phosphorus Surface ChloropKyll 
TSI (meters) (pg/1) (t^g/l) 


0 

64 

.10 

.005 

10 

32 

.21 

.02 

20 

16 

.42 

.09 

30 

8 

.84 

.40 

40 

4 

1.7 

1.7 

50 

2 

3.4 

7.7 

60 

1 

6.8 

33.7 

70 

0.5 

13.5 

148 

80 

0.25 

27 

650 

90 

0.12 

54 

2.870 

100 

0.06 

108 

12,600 
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TABLE V. SOUTHERN WISCONSIN LAKES CLASSIFIED BY CARLSON'S TSI 


lake Name 

B4/B5 

Estimated 
Ln Chi a 

Predicted 

TSI 

Measured 
Ln Chi a 

Measured 

TSI 

George 

1.15 

3.70 

64 

3.50 

65 

Pit 

2.04 

2.34 

53 

1.79 

48 

Unnamed (46-023) 

1.22 

3.56 

65 

3.22 

62 

Browns 

2.54 

1.82 

48 

2.20 

52 

Any Bell 

2.77 

1.62 

46 

1.79 

48 

Bark 

1.62 

2.89 

59 

2.56 

56 

Green 

1.73 

2.74 

57 

1.79 

48 

Wallace 

1.68 

2.81 

58 

1.61 

46 

Lower Phanton 

2.68 

1.69 

47 

0.69 

37 

Upper Phantom 

1.79 

2.65 

57 

2.08 

51 

Pretty 

2,11 

2.27 

53 

1.61 

46 

School Section 

1.84 

2.59 

56 

2.08 

51 

Okauchee 

2.63 

1.74 

48 

1.79 

48 

Ashi ppan 

2.86 

1.54 

46 

2.20 

52 

Kcesus 

3.00 

1.42 

45 

1.94 

50 

Merton Pond 

3.42 

1.12 

42 

1.38 

44 

Moose 

4.76 

0.33 

34 

1.38 

44 

Upper Nemhahin 

3.19 

1.28 

43 

1.79 

48 

Pine 

4.29 

0.57 

36 

0.69 

37 

Si 1 ver 

3.16 

1.30 

43 

1.10 

41 

Sinissippi 

0.98 

4.10 

71 

5.46 

84 

Leota 

0.75 

4.72 

77 

6.11 

90 

Decatur 

0.93 

4.21 

72 

5.10 

81 

Waubesa 

1.30 

3.42 

64 

2.94 

59 

Kegonsa 

1.19 

3.62 

66 

3.69 

67 

Albany Pond 

0.81 

4.53 

75 

4.03 

70 
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BAND S EXPOSURE 


ORIGINAL PAGE IS 



SECCHI DEPTH (FEET) 


Figure 1. Secchi Disc Versus Band 5 Exposure. Exponential 
Regression Represented by the Solid Line. 



PREDICTED turbidity 


Figure 2. Plot of Observed (Measured) Versus 
Predicted Turbidity 
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3 AUG 75 26 SEPT 75 


Figure 3. Band 5 Reflectance Difference During tne 
■ Growing ^Season;: (Spring to Fall) 





*i 

^^'Ir : 

% " 

'A 


m S 

-f W %< - 

^ ' 4^. 









1 7 JU LY 75 1 6 J ULY 75 


^igure 4, Difference in Lake Reflectance Due to 
Atmospheric Effects 
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ORIGIN^'- 
OF POOR QUALITY 



Figure 7. Block Diagram of Lake Classification Program 
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Observed Trophic Class Numbers 


ORIGINAL PAGE IS 
OF POOR QUALiry 



Predicted Trophic Class Numbers 


Figure 8. Plot of Observed Versus Predicted Trophic Class Numbers. 
The Numbers Indicate the Number of Occurrences with Those Values. 
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Ln BAND 4/ BAND 5 

Figure 10. Ln Gilorophyll a Versus Ln Band 4/ 
Band 5 for 26 Southern Lakes 


236 



ORIGINAL PAGE 18 
OF POOR QUALITY 


N83 19165 


GROUND WATER USE INVENTORY 
IN MINNESOTA USING LANDSAT DATA 


Dennis R. Beissel 

Minnesota Department of Natural Resources 

Arlene Kerber 
ERRSAC/NASA-Goddard SPC 


ABSTRACT 

An irrigation ground water use inventory in Sherburne County, Minnesota, was 
attempted by indirectly locating irrigation wells by determinin'^ the location 
of irrigated lands. Digital classification of Landsat MSS imagery was eio- 
ployed using the IDIMS at Goddard Space Flight Cer.ter, Single-date classifi- 
cation proved itioderately successful after accurate ground truth data were 
obtained. A combination of supervised and unsupervised classification was 
used. Multi ten^oral analysis using August 10 and May 21, 1978 imagery was 
also attenpted. This unsupervised classification proved most successful in 
identifying crops and irrigated fields. 

INTRODUCTION 


The Minnesota Department of Natural Resources, Division of Waters, has a water 
resource management responsibility which includes the mandate to regulate and 
docunient statewide water use and to issue water appropriation permits. To help 
meet this responsibility the Department is conpleting an inventory of high 
capacity wells in the state. Most of these wells in rural areas are used for 
agricultural irrigation or municipal water supplies. By spring of 1981 there 
wera about 3,000 permitted irrigation wells in Minnesota, the majority of 
which were drilled since 1976. 

It was recognized that the Department needed a means of locating non-permit ted 
irrigation wells and confirming the location of permitted wells. Field check- 
ing is t *e most accurate means of well locating, but i:. is very manpower inten- 
sive and time consuming. It was decided that the best approach to the problem 
would be to locate irrigated lands, and then correlate these with known well 
locations. The presence of irrigated land not located near a permitted well would 
suggest the existence of an unpermitted well which should then be investigated. 

The project was designed to test the use of Landsat imagery for irrigated land 
idtmtification. Photointerpretation of standard Landsat images has been used 
successfully to locate and inventory irrigated lands in several areas. However, 
digitally processed Landsat data, using various classification or ratioing 
algorithms has also been exploited to enhance separability of irrigated lands 
from non irrigated lands. Our pri)tnary long term interest is to develop accurate 
estimates of water use. 
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PROJECT DESCRIPTION 


OBJECTIVES 

The primary purpose of the project was to provide the necessary information to 
aid the Division of Waters in determining the location of irrigation wells for 
which there were no records. The availability of such information would result 
in a considerable savings in personnel time and money. The second objective of 
this study was to obtain regional water use data for water budget model input. 

SITE DESCRIPTION 

A portion of Sherburne County, located along the Mississippi River northwest 
of Minneapolis-St. Paul, was chosen as the d^onstration site* 

The regional setting is shown in Figure 1. Sherburne County, a largely agri- 
cultural region, contains some of the most heavily irrigated areas in Minnesota, 
Agricultural acreage in 1974 accounted for 56,6o0 hectares (139,870 acres) 
out of a total 113,400 hectares (280,320 acres) that make up the county. The 
average size of the farms, based on a 667-farm statistical sample, 85 hectares 
(210 acres). The major crops are com, potatoes, hay, oats, and wheat. The 
soil type of this area is basically a sandy soil that has very good drainage, 

Soi Is of this type are more severely affected by drought conditions than other 
soils with greater water-retention capabilities. As of March 1980, there were 
197 permitted irrigation wells located in the county. 


CLASSIFICATION PROCEDURE 
SINGLE DATE ANALYSIS 

The August 10, 1978 Landsat scene was chosen for evaluation because it was 
created during the irrigation season and had little cloud cover. The project 
area was initially classified using training fields plotted on the 1:24,000 
orthophoto maps. This classification was then refined using an iterative 
process of addition, combination, and elimination of appropriate training 
fields. Even when the best possible classification had been achieved, some 
irrigated fields had not yet been identified in their entirety, while others 
had been misclassif led. 

In order to improve the results, an unsupervised classification using the 
IDIMS program ISOCLS was developed. The 25 spectral classes derived were 
analyzed using the orthophoto maps and ground truth knowledge provided by 
the state participants, and wherever possible, the correct land cover type 
of each spectral class was identified. Some of the original 25 spectral 
classes were subsequently eliminated because they represented mixed classes 
that were developed along the mai'gins of different cover types, while others 
were removed because they were so small in areal extent that they were diffi- 
cult to locate wij-h certainty, and therefore impossible to identify as 
specific land cover classes. 
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Both the supervised and unsupervised approaches yielded classification re> 
suits that were good for certain specific categories while not as accurate 
for others, it was thus necessary to combine the optimum class signatures 
developed Independently by the separate techniques. This was accomplished 
by aggregating the signatures from both the unsupervised and supervised 
approaches into a uingle spectral signature set. In order to further improve 
the classification accuracy* and in particular to decrease the amount of 
leutd being classified incorrectly as irrigated* thresholding of the data was 
employed. Setting the thresho3d at 20 percent generally yielded the over-> 
all best results £or the pertinent classes in the study area. 


Using this optimum classification* it was possible to identify irrigated 
corn* irrigated potatoes* and other mixed crops. However* additional 
analysis showed that some available ground truth information - crop type* 
land use (plowed vs. undisturbed land)* and soil moisture data (irrigated/ 
non-irrigated) - was not adequate for optimum training area selection. In 
particular* an insufficient number of training fields had been validated 
by field check* and there was a need for better geographical distribution 
of training fields within the test site. Some of the initial ground truth 
and training field information had been derived from reports rather than 
actual field surveys* and these in some cases* proved inaccurate or mis- 
leading. To rectify this shortccming * additional ground truth was collected 
and initial ground truth rechecked before any further digital processing 
was done. 

The final classification was far superior to initial effects because of 
inproved training field selection. 

Irrigated corn* irrigated potatoes and mixed irrigated crops could be dis- 
criminated one from the other; however* some small grains such as wheat were 
not separable from grasses (hay* open areas, etc.). As a result* the latter 
were combined into a single class designated as "other.” This also included 
roads and disturbed areas. Rye fields were discriminated with enough accuracy 
to keep tl;em as a separate category. Irrigated versus non-irrigated small 
grains and grasses could not be separated. 

MULTITEMPORAL ANALYSIS 

Another analysis conducted during the demonstration process included the 
creation of a multi ten^oral Landsat data set from the August 10 and May 21* 
1978 scenes; tlie two data sets were registered and combined to form a single 
8-band data set - four bands frcxn each date. The IDIMS clustering program 
(ISOCLS) was then run on this two-date data set. This unsupervised classifi- 
cation algorithm developed 16 spectral classes. Using the ground truth 
collected earlier* water classes were combined together as well as non- 
agriculture classes (trees* brush* etc.); each was assigned a distinctive 
color and incorporated into the classification map image. These were of no 
immediate interest to the analysts and served only for locational purposes. 

The remaining unidentified agriculture spectral classes of interest were each 
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given a distinguishing color to aid in the determination of land cover type. 
After the completion of the analysis of all 16 inultitemporal spectral classes, 
they were grouped into appropriate land cover categories and ea<^ category was 
assigned a final color and incorporated into a final classification map. 

RESULTS 

The May 21, 1978 data provided the greatest contrast between plowed and non- 
plowed fields. The August 10, 1978 scene, however, exhibited soil moisture 
and vegetative cover differences best, especially where these differences 
were associated with irrigation/non-irrigation conditions. 

The overall gain in classification accuracy achieved by using the two-date 
data set was acccnnplished by taking advantage of tenporal differences in re- 
flectance values for selected irrigated cr<^s. This incorporation of informa- 
tion inherent in the local crop calendar greatly improved the vegetation class 
separability over what could be obtained using only the single-date data. 

Discrimination among the different agriculture classes was much more con^lete, 
and most fields could be uniformly classified with little or no^^sclassifica- 
tion occurring within the specific field. In addition, two-date data perxaitted 
the irrigated land classes to be delineated with improved accuracy. This was 
probably due to the fact that die additional information on land surface con- 
ditions (plowed or unplowed) provided by the May data set contributed to a 
better ui ’^rstanding of the areal distribution and state of the agricultural 
land. Some irrigated land could not have been identified from the August data 
c.lone if the fields had not been watered for a week or so and did not exhibit 
adequate contrast to the contiguous non- irrigated vegetation. 

As of 1978, there were 195 known irrigation wells in Sherburne County. Visual 
interpretation of the two-date classif ication revealed about 50 
irrigated fields covering a total area of about 10 square miles which could 
not be readily matched with permitted, high capacity well locations. It is 
likely that not all of this irrigated acreage is supplied by a ground water 
source, and that some of the fi- Ids iiiay be misclassified. However, by using 
the classified imagery as a guide, field inspection of these 50 scattered 
sites can be accomplished in about one-third or less the time than would be 
required for inspection of the entire county. This is a very significant 
savings in both time, personnel and material resources, and at the same time- 
assures that all the major irrigated areas have been surveyed. 

CQNCJ.USIONS 

(1) Multi temporal unsupervi sed classification based on Landsat data provided 
a reliable delineation of certain specific crop types and irrigated/ 
non-irrigated lands in Sherburne County. 

(2) A supervised Landsat classification procedure could have been more 
successful if more ground truth was available and it had been verified 
prior to training area selection. 
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(3) Single date Landsat image classification should not be discounted for 
use in rof^ping irrigated fields in Minnesota. Accurate ground truth 
collected at sites with adequate areal distribution would help assure 
optimum training area selection and more accurate classification. 

AM)ITIOMAL STUDY 

The University of Minnesota Remote Sensing Laboratory , which had funds for 
small research projects* agreed to work with the Minnesota Department of 
Natural Resources, Division of Waters on an experimental project to test 
the use of small scale, small format areal photography to identify irrigated 
fields in Sherburne County. 

A test strip was flown in July, 1980 to compare color infrared euid color 
photography. Color infrared produced the greatest contrast bet%#een irri- 
gated auid non-irrigated fields so the entire county was flown using color- 
IR. 

The photographs were caken with a 35-iran camera with a 28-mm lens mounted in 
the belly hole of a small aircraft. The area was flown at an altitude of 
approximately 12,000 feet above sea level. It took about three hours of 
flight time to produce 16 photo strips covering the 113,400 hectares 'j80,320 
ac ' ;) in Sherburne County. Twelve rolls of film were needed to produce 300 

prints. 

Selecting irrigated fields by visual interpretation took an e^qperienced photo* 
analyst eight man-hcurs to complete. Field checking irrigated fields in the 
entire county was accomplished by one person in three days (30 man-hours). 

The field work did not involve locating wells or complete crop identification, 
both very man-power intensive tasks. The cost of obtaining the photographs, 
not including salary, was approximately $350.00, Interpretation of the new 
photos is currently being done by the Remote Sensing Laboratory and results 
will be forthcoming later in 1981, 
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Figure 1. Irrigation Well Locations and Soil Parent Material, 
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A PROSPECTIVE APPROACH 
TO COASTAL GEOGRAPHV FROM SATELLITE* 


John C. Mund«y Jr. 

Virginia Institute of Marine Science 
College of William and Mary 
Gloucester Point, Virginia 23062 


ABSTRACT 


A forecasting protocol termed the Prospective Approach has been used to 
examine probable futures relative to coastal applications of satellite data. 
Significant variables include the energy situation, the national economy, na- 
tional earth satellite programs, and coastal zone research, conmercial activity, 
and regulatory activity. Alternative scenarios for the period until 1986 are 
presented. Possible responses by state/local remote sensing centers include 
operational applications for users, input to geo-base information syst&ns (GIS), 
development of decision-making algorithms using GIS data, and long term research 
programs for coastal management using merged satellite and traditional data. 


INTRODUCTION 


Nearly a decade has passed since the launch of Landsat 1, an era when Land- 
sat was described as "the Complete Geographer" (Falconer, 197>-'0 . Looking back- 
ward, most will agree that Landsat applications have reached a remarkable level, 
a view only slightly muted by reminders that the potential was oversold at 
first. Now, in looking forward, we seek a "prospective" for future use of 
satellite data, including data from new sensor systems to be tested duririg the 
coming decade. 

The present time has certainly developed into a juncture. For geographers 
and resource managers, geo-base information systems are rapidly being Inple- 
mented by federal and state agencies. Remote sensing has won a port of entry 
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to such systems, due in large measure to successful Landsat mapping of forests, 
agricultural resources, and land cover. Responsibility for an operational land 
satellite system has been assigned to NOAA, and new sensors are being readied by 
NASA for orbital testing. Contrariwise, the federal budget is being severely cut 
in response to economic and political changes. Regional planners and resource 
specialists might therefore assess the "prospective** for satellite geography in 
view of funding constraints and program redefinition at the federal level. 

Several contexts are appropriate for developing such a "prospective.** The 
context here is a mission-oriented program of geographic research and applications 
for state and local government in the mid-Atlantic coastal zone. The coastal zone 
is targeted because of its high population density, multiple conflicting uses, and 
highly charged environmental issues. Recognizing its uniqueness. Congress in 1972 
enacted the Coastal Zone Management Act (Public Law 89-454) to provide financial 
and administrative assistance to coastal states endeavoring to plan and manage 
coastal areas. Nearly half the states have federally-approved coastal zone man- 
agement programs and are receiving federal grants. Other states have developed 
coastal programs Independently of federal support (Higgins, 1979). 

Inq)roved coastal management will require ongoing research. Coastal studies, 
perhaps more than other fields of study, involve questions that are both basic 
(to an understanding of coastal processes, whether physical, biological, or cul- 
tural), and important to planners /managers and the general public. Questions 
with these two attributes should comnand high priority in the distribution of 
federal research funds* 

Landsat was viewed early as having potential applications in the coastal 
zone (ERTS Conferences, 1973a, b). Although some geographers and coastal man- 
agers disdained its potential because of the limited spatial resolution of the 
multispectral scanner, Landsat projects have proven that many coastal applica- 
tions are cost effective (NCSL, 1977). Also, satellites provide uniformity in 
data formats, measurable accuracy and precision of data and analysis products, 
and a synoptic view from orbit which is unsurpassed. Under the impact of budget 
constraints during the 1980’ s, these features will become more attractive because 
of data needs for geographic information systems. 

How then can expanded and more effective coastal application of satellite 
data be achieved? There are two groups who will have differing perspectives in 
answering this question. The first is comprised of federal personnel charged 
with budget and national program responsibility. The second group, of interest 
in this paper, includes satellite data users at the state and local level. 

Planning for better satellite data utilization by this group is somewhat more 
hazardous, because of the necessity of dealing with uncertainties at both the 
federal ^nd state/local level. The sev^ere impact of loss of state support has 
been illustrated 5.n North Dakota (NCSL, 1979) which lost the Resources and En- 
vironmental Assessment Program (REAP). 

To assist: coastal groups toward more effective use of satellite data, this 
paper explores alternative circumstances which might prevail in the mid-1980’s, 
and then delineates alternative strategies for promoting applications given the 
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various clrciscstances. To explore possible futures In the mid-1980's, a forecast 
Ing methodology has been employed called the "Prospective Approach" (Godet, 1978) 


THE PROSPECTIVE APPROACH 


Perfect knowledge of the future would permit devising a perfect strategy 
for maximising satellite applications to coastal geography. Although perfect 
prediction is unattainable, we can plan effectively with the help of forecasting 
techniques. Quantitative methods of forecasting Include dynamic systems modeling 
and probability and cross -in|>act techniques, while non-quant itatlve methods in- 
clude the Delphi technique and scenario analysis. All forecasting methods have 
defects and all are based ultimately upon subjective opinion; therefore, it is 
expected that forecasts may fail in major ways from ti^ to time. 

The Prospective Approach seeks to minimize forecasting errors by use of a 
combination of mathematical and non-mathematical methods. Initially, one defines 
essential syjstem variables and the ismediate effects (or cross-impacts) between 
variables. The long-term ir.direct effects flowing from the cross-impacts are 
elucidated using matrix methods. From the results, significant hypotheses about 
future events are formulated. These are assigned individual and joint (pairwise) 
probabilities of occurrence. Mathematical methods are then used to determine the 
probabilities of different combinations of possible future events. 

Subsequently, the desired future (wish- fulfillment) is introduced (hence the 
uniqueness of this forecasting method, and its appellation "Prospective") : com- 

binations of probable and desired futures are used to construct scenarios of 
future states and of the developmental processes leading to them, and strategies 
are developed for ensuring the occurrence of the desired future. In outline 
form, the Prospective Approach has four phases: probable futures, desired 

future, scenarios, and strategies. 


SCOPE 


In the application of forecasting methods, it is normal to use a large 
panel of experts at each stage. This ensures that appropriate diversity of 
opinion is incorporated. Here, tccause of limited resources, only three sets 
of opinions were included. The purpose in using a set protocol of forecasting 
methods was to help clarify and sharpen thinking about options. In this the 
outcome has been judged successful. 

The time period under primary consideration is 5 years (1981-1986), and to 
a lesser extent the 1980s as a whole. Nationally, major changes in budgets euid 
programs can occur after each Presidential election, every 4 years. Satellite 
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planning, construction, and launch require at least 8 years; thus, the satellite 
options which could be available in 1986, including douestic and foreign satel- 
lites, have air- been determined. For periods beyond 8 years, technological 
advances car occur which could significantly alter the picture. The late 1980's 
when multiple linear array sensors become available, are Just at the limit for 
affecting most state/local coastal planning. 


APPLICATION 


Essential Variables and System Structure 

From the holistic standpoint, the system of concern Is that complex of 
agents, programs, processes, and events which will determine the scope of oppor- 
tunities for satellite data users in coastal geography. Essential variables of 
the system are those necessary components whose states can be defined at differ- 
ent times (Ashby, 1963); the variables need not be quantifiable; they need not be 
of the same type. One essential variable will be the local group innedlately 
concerned with implementing desirable strategies to meet the future; in our case, 
the group is the Remote Sensing Center (RSC) . 

To define the rest of the "system," it will be helpful to sketch the present 
circumstances. Certainly state and local variables are important. However, the 
Impact of the national economy on the 1980 Presidential election is without 
question, and one consequence is federal budget reductions, which have directly 
caused cancellation of follow-on Landsats D3 and D4, originally due for launch 
in 1985 and 1986. Thus, national affairs In the broad context affect ^oastal 
users. Likewise, international events have a major impact on coastal affairs. 
Recently, a Coast Guard representative in marine safety remarked that OPEC was 
more responsible than any other factor in reducing oil pollution — a 1000-barrel 
spill now costs $40,000. Coastal transportation and recreation planning must 
now account for declining auto use due to escalating gasoline prices. The U.S. 
fleet of oceanographic research vessels has contracted substantially because 
of high fuel costs, while offshore drilling has increased. Development of 
geographic Information systems may be stimulated slightly by high fuel costs, 
via demands for greater efficiency in resource management. Finally, a major 
uncertaincy is the possibility of international conflict over petroleum re- 
sources and monetary Imbalance Involving petro-dollars ; many public figures 
have openly proclaimed that the period through 1985 is one of maximum danger 
internationally. 

In Virginia, planning district commissions are using Landsat data for land 
cover mapping. The state is developing an Integrated data base of econometric 
and resource data called the Coimnonwealth Data Base (CDS). Landsat data pro- 
cessing is partially supported by CDB. 
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From such considerations, essential variables for the system were selected 
as listed In Table 1. The nund>er was held to 15 to limit the effort required In 
subsequent analysis. Studies of this type sometimes employ up to 100 essential 
variables (Godet, 1978). 


TABLE 1 

Cross'Inpact Variables 


TRADE 

PEACE 

ENERGY 


International Variables 

1 International trade; export /inport flows of taonetary capital, 
resources, and Industrial output. 

2 Degree of International peace; level of belligerency between 
major powers and blocs. 

3 Energy resource availability and cost; loultl-natlonal flows 
of petroleum. 


ECONOMY 

DEFENSE 

SATELLITE 


National Variables 

4 Economic activity; gross domestic product; Inflation rate. 

5 Defense spending; level of military preparedness. 

6 Earth satellite appllcatlonr program, especially Landsat. 


Coastal Geography 

RESEARCH 7 Coastal rone research (environmental/econorolc/industrlal/ 

urban) in universities, institutes, and government. 


COMMERCIAL 


8 Commercial sector engineering and economic activity. 


REGULATORY 


9 CZM monitoring, and regulatory activity by government. 


BUDGET 


Comnonwealth of Virginia Variables 

10 State economic activity; revenues and budget. 


CDB 


11 Comnonwealth Data Base; econometric model, geobase information 
system (GIS), data collection including remote sensing. 


Regional and County Variables 


PLANNING 

12 

Level of activity by planning commissions. 


METHODS 

13 

Flexibility toward new methods including remote sensing. 


Inst.' tutlonal Variables 


MISSION 

14 

Mission of the institute; program allocations among 
research, applications, and advisory services. 

basic 

CENTER 

15 

Remote Sensing Center activities; fed«>ral. CDB, and 

internal 


components . 
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ORIGINAL PAQI It 
OF POOR QUALITY 


The next step was to prepare a cross- Impact matrix, which presents the static 
structure of the system (Gordon and Hayward, 1968; McLean and Shepherd, 1976). 

The matrix has essential variables as both row and column labels; each matrix 
element is filled with a one if (a zero if not) the row variable has a direct in- 
fluence (immediate effect; innediate impact) on the column variable. Diagonal 
elements are set to zero. 

To produce a single finalized matrix from those produced by the participants, 
the entries for each matrix clement are combined by a majority rule, or by a sum- 
mation. The latter procedure in effect weights each interaction on a scale whose 
maximum is the n\snber of participants. The resulting matrix in this study is 
shown in Table 2. Driver and follower variables in a static sense are revealed 
by the row and column sums. 


TABLE 2 

Cross-Inpact Matrix 


Influence 

On 

Of 

Trade 

Peace 

Energy 

Economy 

Defense 

Satellite 

Research 
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Dynamic Behavior 


Raising the matrix to successively higher powers Is used to reveal long-term 
(Indirect) dynamic Interactions. Squaring a matrix containing zeroes and ones 
shows the nvi^er of feedback loops of two steps; raising to the power n shows the 
number of loops of length n (Including repeated cycles of shorter lengths). By 
the power n ■ 6, the order of variables ranked according to the greatest number 
of feedback loops Is stabilized. The rank order based on results from the diago- 
nal shows the pivotal variables for the system; results from the last column show 
the variables with most Impact on the Center. The two sets of results obtained 
for n » 6 are shown In Table 3. 

Significant Hypotheses 

The results In Table 3 Indicate that the pivotal variables are Energy, 
Economy, and Satellite, and the trio Research, Commercial, and Regulatory. Sig- 
nificant hypotheses concerning future events should be formulated around these 
variables. Although the variable CDB did not rank higher than eighth, the parti- 
cipants decided to add CDB as a seventh pivotal variable because of Its imnedlate 
importance to Center activities. In formulating hypotheses for subsequent analy- 
sis, It is best to limit the number to five or six. The close relationship among 
the trio of coastal zone variables suggested a merger into a single variable 
called coastal zone management (CZM). The list of variables then numbered five. 
The hypotheses formulated around these variables are shown In Table 4. It Is 
easier for the participants In the next step If each hypothesis Involves not a 


TABLE 3 

Dynamic Rank Order Results 


System Pivotal. Variables Variables With Impact on the Center 


1. 

Research 

^ « 

Energy 

2. 

Regulatory 

2. 

Econony 

3. 

Energy 

3. 

Commercial 

4. 

Commercial 

4. 

Regulatory 

5. 

Satellite 

5. 

Research 

6. 

Economy 

6. 

Peace 

7. 

Mission 

7. 

Satellite 

8. 

CDB 

8. 

Defense 

9. 

Center 

9. 

Trade 

10. 

Methods 

10. 

Budget 

11. 

Budget 

11. 

Mission 

12. 

Trade 

12. 

CDB 

13. 

Planning 

13. 

Methods 

14. 

Defense 

14. 

Planning 

15. 

Peace 

15. 

Center 
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process but an event vhose occurrence or lack of occurrence could be easily 
Judged In the future, such at; "By 1986, there will occur a gap In Landsat cov- 
erage of at least 12 months." The hypotheses In Table 4 are generally nore 
process-oriented than this exanple. 


TABLE 4 

Scenario Hypotheses for 1986 


Variable 


Hypothesis 


1 Energy 

2 Economy 

3 Satellite 

4 CZM 

5 CDB 


Energy supplies, especially petroleum, will be 
plentiful at reasonable cost. 

The national economy will persist as at present 
(moderate growth; 107. inflation) ; stagflation 
will be avoided. 

Civilian earth satellite programs (beside meteo- 
rological satellites) will be very active; the 
Landsat program will provide data continuously. 

Coastal zone geography, regional planning, man- 
agement, and research activity will be vigorous 
locally. 

The state CIS program will be fully funded and 
staffed as projected in planning documents. 


Probability of Events 

Participants were then asked to assign to each event a probability of oc- 
currence, and to each pair of events a Joint probability of occurrence. It is 
difficult to assign probabilities to higher orders of Joint occurrence, hence 
the resort in scenario generation to mathematical solutions. It was first sug- 
gested in the literature that conditional probabilities be assigned to pairs of 
events (Pi/ j = probability of event i if event J occurs) , but answers from each 
participant are then found to be self- inconsistent from the viewpoint of clas- 
sical probability theory, necessitating adjustment procedures to produce e con- 
sistent set of probabilities (Duperrin and Godet, 1975; Godet, 1976a). The ensu- 
ing debate has generated several alternative procedures for generating scenarios 
from probabilities (Mitchell and Tydeman, 1976a; Godet, 1976b; Mitchell and Tyde- 
man, 1976b; Kelly, 1976; McLean, 1976; Bloom, 1977; Kaya, Ishikawa, and Mori, 
1979), as well as a discussion of the misunderstanding involved in applying 
Bayes' probability theorem to a causative cross-impact analysis (Enzer and Alter, 
1978). At this stage in the debate the mathematical problems are simplified by 
having participants assign not conditional probabilities but Joint probabilities 
(Mitchell, Tydeman, and Curnow, 1977), which in effect requires participants to 
Judge the c^ventual outcome of the dynamic interactions between pairs of variables. 
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OF POOR QUALITY 


The results from the pertlclpents ere obtained In the form of an event in- 
teraction matrix. Obtaining Joint rather than conditional probabilities renders 
the matrix symmetric. Matrices from the participants were combined by averaging 
the results for each matrix element. Table 5 shows the finished matrix. 


TABLE 5 

Event Interaction Probability Matrix 






0» 





1 

f-i 

i-d 




1 

0 

u 

w 

w 

a 

S 



w 

w 

(0 

u 



1 

2 

3 

4 

Energy 

1 

57 




Economy 

2 

44 

72 



Satellite 

3 

32 

40 

47 


CZM 

4 

40 

45 

38 

60 

CDB 

5 

37 

46 

40 

47 




8 


5 


65 


Scenario Generation and Most Probable Futures 


For a system with m events, there are r = 2® situation scenarios (combina- 
tions of events) Ek (k » 1, r). Each scenario has an unknown probability 

rifc. Let ei represent the ith event, with event probability Pj and Joint proba- 
bility Pn. Then let 


aik 


_ 1 if ei occurs in Ek, 
0 if otherwise; 


1 if ei and ej occur in Ej^, 
“ijk ~ 0 if otherwise. 


The value of a selected Ilk* can be found by using the revised simplex linear 
programming method for the equation set 

r 

I ®ik ^k “ Pi iof i * 1. 2, m; 

k - 1 

r 

^ ^Ijk ^ k ~ Pi j ^ •••» ®" ^ -®> 


r 

I II|j •* 1; Ilk 

k = 1 
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where the objective function if to inexlnise the chosen !!](«. The value of 
obtained Is a unique maxiirnsn, but because there are 2«> variables In only 
l'hn*(m+l)/2 equations (Ignoring the non> negativity conditions), the accompanying 
IIic values are not unique. By 2 ^ runs of the linear program the maximum values 
for all Ilk can be obtained (Mitchell, Tydeman, and Cvrnow, 1977). The results 
are shown In Table 6. Maximisation for each Ilk separately produces S Ilk " 3.23^. 

The ten most probable slt\iatlon scenarios comprising 48% of the total 
probability are extracted from Table 6 and shown In order In Table 7. 


TABLE 6 

Scenario Probabilities and Rankings 


Ntiniber(k) 

«1 

62 

C3 

«4 

es 

n,-. 

Rank* 

1 

0 

0 

0 

0 

0 

0.09 

16 

2 

0 

0 

0 

0 

1 

0.13 

6 

3 

0 

0 

0 

1 

0 

0.07 

24 

4 

0 

0 

0 

1 

1 

0.123 

8 

5 

0 

0 

1 

0 

0 

0.05 

31 

6 

0 

0 

1 

0 

1 

0.07 

20 

7 

0 

0 

1 

1 

0 

0.05 

32 

8 

0 

0 

1 

1 

1 

0.07 

26 

9 

0 

1 

0 

0 

0 

0.15 

4 

10 

0 

1 

0 

0 

1 

0.13 

5 

11 

0 

1 

0 

1 

0 

0.10 

12 

12 

0 

1 

0 

1 

1 

0.116 

11 

13 

0 

1 

1 

0 

0 

0.07 

25 

14 

0 

1 

1 

0 

1 

0.09 

19 

15 

0 

1 

1 

1 

0 

0.07 

21 

16 

0 

1 

1 

1 

1 

0.15 

3 

17 

1 

0 

0 

0 

0 

0.09 

17 

18 

1 

0 

0 

0 

1 

0.09 

18 

19 

1 

0 

0 

1 

0 

0.09 

14 

20 

1 

0 

0 

1 

1 

0.12 

9 

21 

1 

0 

1 

0 

0 

0.056 

30 

22 

1 

0 

1 

0 

1 

0.063 

29 

23 

1 

0 

1 

1 

0 

0.063 

28 

24 

1 

0 

1 

1 

1 

0.07 

22 

25 

1 

1 

0 

0 

0 

0.17 

2 

26 

1 

1 

0 

0 

1 

0.093 

13 

27 

1 

1 

0 

1 

0 

0.13 

7 

28 

1 

1 

0 

1 

1 

0.12 

10 

29 

1 

1 

1 

0 

0 

0.07 

23 

30 

1 

1 

1 

r 

1 

0.09 

15 

31 

1 

1 

1 

1 

0 

0.07 

27 

32 

1 

1 

1 

1 

1 

0.32 

1 


* Ties eliminated by details of the simplex solutions. 


252 



Desired Future 


ORIGINAL PAGE IS 
OF POOR QUALITY 


The goal restated is to achieve expanded and more effective application of 
satellite data to coastal zone research and management. Specific objectives 
within that goal may be identified as the following: 

1. Maintain statewide user services for Landsat data processing; 

2. Hake Landsat services more cost efficient; expand capabilities 
via additional software and hardware; 

3. Broaden capabilities for processing and applying other sensor 
and satellite data (e.g.. Thematic Mapper, Seasat SAR, Nimbus-7 
Coastal Zone Color Scanner, Heat Capacity Mapping Mission) ; 

4. Publicize capabilities and potential applications; 

5. Investigate new applications, test their feasibility, and estab- 
lish operational CHpability for new feasible applications; and 

6. Facilitate the iiiq>leinentation of operational capabilities in 
user agencies. 


TABLE 7 

First 10 Scenarios in Rank Order 

Rank Scenario 7. cf 



k 

ei 

e2 

e3 

e4 

65 


Total 

I 

32 

1 

1 

1 

1 

1 

0.32 

9.9 

II 

25 

1 

1 

0 

0 

0 

0.17 

5.3 

III 

16 

0 

1 

1 

1 

1 

0.15 

4.6 

IV 

S 

0 

1 

0 

0 

0 

0.15 

4.6 

V 

1C 

0 

1 

0 

0 

1 

0.13 

4.0 

VI 

2 

0 

0 

0 

0 

1 

0.13 

4.0 

VIT 

27 

1 

1 

0 

1 

0 

0.13 

4.0 

VIII 

4 

0 

0 

0 

1 

i 

0.123 

3.8 

IX 

20 

1 

0 

0 

1 

1 

0.12 

3.7 

X 

28 

L 

1 

0 

1 

1 

0.12 

3.7 

Totals /No) 


5/5 

7/3 

2/8 

6/4 

7/3 

1.543 

47.6 
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These goals inply the necessity for penaanent enployees, facilities » and continu- 
ous fuxiding. The goals are transformed into a statement similar in fcm to the 
earlier events e±^ An appropriate size for the facility is indicated (Munday, 
1980) : 


eg: A regional remote sensing facility %rill be situated in a coastal uni- 

versity providing research and advisory services; personnel — tuo permanent 
scientists %HLth strong ties to state/local government » two permanent assistants 
including a computer specialist, two graduate student assistants, and a secre- 
tary. 

Scenarios and Strategies 

The last two stages of the Prospective Approach will be combined in this 
analysis. Scenarios I through X are linked one at a time with eg, to form mix- 
ture scenarios of probable + desired futures. Each scenario is given a Ixterary 
description. Then a response is shown containing appropriate strategies for en- 
suring eg thro>ighout the desired period ending in 1986. Four of the ten sce- 
narios are shown as examples. 

Scenario I + eg; Most likely scenario: 

Description: "Despite the economic and budgetary impact of minor fuel 

scarcity and rising prices, the Landsat program retains strong support from the 
federal government, due in part to continued attention given to coastal environ- 
mental affairs and to the economic /industrial impact on coastal resources* As 
well, states continue in their development of resource data bases, spurred by 
energy costs to make more efficient use of available data. Landsat is seen as 
one significant source of data. The continuity of Landsats in orbit, and avail- 
ability of both historical and new data, have had a favorable impact on state, 
regional, and coastal applications of the data. State facilities for Landsat 
data processing are expanding at a moderate rate, their use is steady, and the 
market for services continues to broaden." 

Response: Maximize attention on operational applications, such as provi- 

sion of services to planning districts; emphasize public relations aspects; 
broaden capabilities in response to the demand for services; as time permits, 
conduct research into potential applications and use of nev satellite data 
sources. 

Scenario II + eg: 

Description: '*The international energy situation and the national economy 

are reasonably healthy, with fuel supplies and prices within workable limits. 
However, the Landsat program is suffering from federal program cutbacks, and 
there are long periods of loss of data continuity because of failure in old 
satellites. Other satellite programs have been delayed indefinitely. Coastal 
zone activities are diminished due to de-emphasis on environmental protection, 
and stat' programs are minimally funded due ts conservative state budgets. 
The markew ^r Landsat services is therefore depvessed." 
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Response: Broaden and diversify research in aarine and coastal science 

beyond coastal rone satellite applications: prepare for future data needs by 
purchases of archived satellite data; develop research prograas into nev appli- 
cations of satellite data to resource icanageaent; de-esiphasise satellite appli- 
cations to coastal envirotaiental pollution. 

Scenario III ■¥ eg: 

Description: "Energy supplies are scarce and fuel costs are markedly 

higher. Although the national economy is not greatly affected in general, par- 
ticular circuBstances with great dependence on fxiel supplies are adversely af- 
fected. Automobile use Is markedly decreased; recreational travel is hard hit; 
coastal resort industries are suffering; traditional and newly-eaerging coa- 
aunications industries are booalikg. Environmental impacts are decreasing due 
to diminished fuel usage. Satellite programs enjoy strong support, along with 
coastal resource management activities and state GIS programs, as governments 
move to implement efficient mechanisms for resource management in the face of 
a fuel-deficient future." 

Response: Emphasize additions to GIS data storage; develop capabilities 

for long-line coinBunica*:i( as transfer of Tr.nd^at deta products; improve algo- 
rithms for resource management using merged s>itellite and traditional data; 
develop research programs into new applications of satellite data to resource 
management; de-emphaslze s.*‘''*''.te applications to coastal environmental pol- 
lution. 

Scenario VI + eg: Contrasting scenario: 

Description: "International events have seriously disrupted energy sup- 

plies and shaken the national economy. Fuel prices have increased dramatically 
as the cost of oil has reached $90 per barrel on the spot market. The economy 
is in recession and the inflation rate is 22%. Federal satellite prcgxams are 
stagnant, the national coninitment to an operational Landsat program has been 
delayed until 1995, and no Landsat has been functional for 15 months. Due to 
reduced revenues at all levels of government, coastal zone activities in re- 
search, monitoring and consulting have decre<iScd. The market for Landsat ser- 
''ices is nil, and states have reduced their coninitment to in-state Landsat data 
^.rocessing capabilities. The one bright spot is that the state GIS is well- 
i ,<ded because legislators believe that comprehensive resource planning with 
data bases is ia^erative under the adverse economic conditions." 

Response: Emphasize additions to GIS data storage; prepare additional 

Landsat products from old Landsat data; prepare for future data needs by pur- 
chases of archived satellite data; conduct low-budget coastal research which 
can ultimately benefit GIS applications. 
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SUMMARY 


The use of a forecasting protocol has clarified possible future clrctia- 
stances which have high potential for affecting coastal applications of satel- 
lite data. Responses to the nost probable alternative futures have been sug- 
gested for coastal remote sensing centers serving state/local users of satellite 
data. If the user market expands, centers may emphasise operational applica- 
tions. If the national satellite program contracts while state GIS programs 
expand, centers may emphasise GIS data input, and algorithms for decision-making 
usivtg GIS banks of satellite and traditional data. If both satellite programs 
and GIS programs contract, centers may again focus on coastal management using 
merged satellite and traditional data, but with Lhe emphasis on long-term ex- 
ploratory research programs. 
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MONITORING WETLANDS CHANGE USING LANDSAT DATA 
David L. Hardin 

Delaware Department of Natural Resources 
and Environmental Control 


ABSTRACT 

A wetlands monitoring study has been initiated as part of Delaware's 
Landsat applications demonstration project. Classifications of digital data 
are being conducted in an effort to determine the location and acreage of 
varlands loss or gain» species conversion, and application for the inventory 
and typing of freshwater wetlands. A multi-seasonal approach is being employed 
to compare data from two different years. At present, unsupervised classifi- 
cations have been conducted to Level I and, to some extent. Level II for two 
of the four dates being examined. Initial results indicate the multi-seasonal 
approach will allow much better separation of wetland types for both tidal and 
non- tidal wetlands than will either season alone. Change detection will be 
possible but will generally miss the small acreages now impacted by man. 


INTRODUCTION 


Remote sensing of wetlands has become commonplace in recent years with 
aerial phocography, primarily natural color and color infrared, now considered 
the standard method for wetlands mapping and inventory programs. Tidal marshes 
are particularly well-suited for remote sensing techniques as they have rela- 
tively low species diversities yet high biomass production. This generally 
results in large homogeneous stands of vegetation that are easy to distinguish 
visually from adjacent uplands and other marsh species. These characteristics 
have also resulted in successful digital analysis of multispectral data from 
both airborne and satellite sensors. 

Much of the rem* te sensing work in v^etlards has resulted from a flurry of 
legislative activity in the late 1960’s and early 1970*s on the part of various 
states concer ed with the dramatic loss of their wetlands. The State of 
Delaware passed a wetlands act in 1976, requiring a permit for most potentially 
destructive activities in all tidal wetlands and inland wetlands larger than 
400 acres. The law also required that these same wetlands be mapped and that 
these maps, when accepted after a public review process, would then legally 
designate those wetlands under state jurisdiction. Photomaps showing the 
wetlands boundaries and vegetation types were compiled, using 1973 aerial 
photography, and adopted in 1976. 

In 1979, the Wetlands Section, which administers the act, decided that due 
to man-induced activities and natural processes, the maps needed to be updatf^d. 
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New aerial photography was obtained and the maps were revised. Recently 
completed, this project indicates that relatively large-sc<ile changes have 
taken place in Delaware’s wetlands due to erosion, accretion and species 
replacement. 

During this project, the state entered into a cooperative agreement with 
the NASA-Eastern Regional Remote Sensing Applications Center (ERRSAC) at 
Goddard Space Flight Center, Greenbelt, Maryland to conduct a Landsat 
applications demonstration project in Delaware. The Wetlands Section felt 
that this same process would be a good test of Landsat and, if successful, 
would provide a faster, more economical method of monitoring wetlands change, 
although not at the resolution required for regulatory work- Therefore, a 
wetlands change detection study was proposed and accepted as part of the 
demonstration project. Specific objectives we hope to achieve Include locating 
and quantifying losses and gains in tidal wetlands, mapping the conversion of 
other marsh types to reed grass (Phragmites c ommunis ), and identifying and 
classifying freshwater wetlands. 

A body of remote sensing expertise and experience with satellite imagery 
already exists in the state at the University of Delaware. Faculty and 
graduate students have conducted a number of Landsat studies, some directly 
or indirectly related to wetlands. Wetlands-related studies have included 
wetlands mapping, species identification, wetlands productivity, and water 
quality. Studies on wetlands assessment, including detection of stressed 
wetlands, are currently underway. 


WETLAND TYPES 


Wetlands in Delaware can be grouped by salinity, degree of tidal influ- 
ence or vegetation type. Most of the tidal wetlands consist of salt marsh 
although tidal-fresh or near-freshwater marshes and swamps are present. Inland 
or non-tidal wetlands are strictly freshwater and include marshes, wet meadows, 
swamps and open water. Marshes and wet meadows contain grasses and herbaceous 
vegetation and swamps contain woody vegetation. 


TIDAL WETLANDS 
Low Marsh 


Low marsh is occupied primarily by saltmarsh cordgrass ( Spartina alternl- 
f lor a) , an emergent, robust grass occurring in several growth forms ranging 
from 0.5 to 2 meters. Low marsh is flooded twice daily on each high tide and 
provides most of the detrital material that serves as the energy source to 
the estuary. 
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High Marsh 


High marsh is dominated by salt hay (Spartina patens ) and spike grass 
(Distichlis spicata ). These are narrow, densely growing grasses less than 
one meter in length. A weakened section of the stem causes them to fall over 
about mid-summer, giving the marsh a swirled appearance. High marsh is flooded 
only by spring (monthly high tides) and storm tides. High marsh depressions 
are the breeding grounds for the salt marsh mosquito (Aedes sollicitans ) . 


Salt Bush 


Salt bush is a collective term for two species of salt-tolerant shrubs, 
marsh elder (Iva frutescens) and groundsel-bush ( Baccharls halimifolia ) . These 
are low-growing shrubs, usually less than 2 meters in height, that occur on 
elevated portions of marsh, such as old dredge spoil disposal sites and near 
the upland border. Salt bush usually has a dense undergrowth of salt hay and 
spike grass. 


Transition Marsh 


Transition marsh is a term for low, brackish marshes containing a mixture 
of salt-tolerant and freshwater species. There are no true dominants, but 
commonly occurring species include saltmarsh cordgrass, big cordgrass ( Spartina 
cynosuroides ) , cattails (Typha spp . ) , threesqaares (Scirpus spp.), smar tweeds 
( Polygonum spp.), tidemarsh waterhemp (Acnida cannabina ) and others. These 
areas are valuable as wildlife habitat, especially for waterfowl. 


Reed Grass 


Reed grass ( Phragmites communis ) is a tall, extremely robust grass that 
forms dense stands and rapidly invades disturbed areas of marsh. It has spread 
over large areas of low-salinity wetlands, replacing high value wildlife food 
plants. Most colonies have become established within the last 10-20 years; 
the dominance exhibited in many areas by the species has apparently developed 
within the very recent past (ref. 1). 


Freshwater Marsh (Tidal) 

Freshwater tidal marsh species are determined by the elevation in relation 
to the tide. Higher creas are occupied by cattails, threesquares, smartweeds, 
and others. The lower, more extensive, tidal flats are occupied by arrow-arum 
(Peltandra virginica ) and plckeral weed ( Pontederia cordata ). The latter are 
broad- leaved emergen tJ that rapidly break down and disappear in the fall. 


261 



Swamp (Tidal) 

Tidal swamp occurs In the upper reaches of some of the tidal rivers and 
creeks. Deciduous and coniferous types are present, dominated by red maple 
(Acer rubrum) and Atlantic white cedar (Chamaecyparls thyoldes ), respectively. 


INLAND (NON-TIDAL) WETLANDS 
Marsh 


Inland marsh Is dominated by many of the same species found In tidal 
freshwater marshes. Areas tend to be smaller, but species often occur In 
distinct stands. Species diversity Is higher than In tidal marshes. Inland 
marshes may occur separately in lowland depressions or in association with 
lakes, rivers and streams* 


Wet Meadow 


Wet meadows normally contain standing water only In the spring although 
the soil Is saturated within a few Inches of the surface throughout most of 
the growing season* Characteristic vegetation Includes grasses such as red 
top (Agrostls spp.), manna grass ( Gycerla spp.), sedges (Carex spp.) and 
rushes (Juncus spp . ) . 


Swamp 


Swamps occur adjacent to lakes, ponds and streams and in lowland 
depressions. Standing water Is common and the soil Is always saturated. 
Common species include red maple, blackgum ( Nyssa sylvatlca ), sweetgum 
(Llquldambar styraclf lua ) , water oak ( Quercus nigra ), and, in the southern 
part of the state, bald cypress (Taxodlum dlstlchum ). 


Open Water 


This type consists of small shallow ponds, usually less than 3 meters in 
depth. A fringe of emergent vegetation is generally present along the shore- 
line. Submerged and floating aquatic plants such as waterllllles (Nymphaea 
pondweeds (Potamogeton spp.), spatterdock, (Nuphar luteum ) , and 
coontail (Ceratophyllum sp.) are common. 
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STUDY AREA 


Sussex County t the southernmost of Delaware's three counties, Is the 
study area (fig. 1). It was chosen for two reasons: most of the filling of 
wetlands for development has occurred there in areas adjacent to the small 
bays, and it has the widest range of wetland types in the state. 

Five training sites have been selected: these include two sites (1 and 

2) along the coast that have salt marshes, two inland sites (3 and 4) 
containing freshwater wetlands, and one site (5) containing tidal freshwater 
wetlands. 


LANDSAT DATA 


Landsat MSS data for both spring and summer from two separate years was 
selected, April 3 and July 20, 1974, arxd March 17 and July 3, 1979. A multi- 
seasonal approach was chosen as it has been highly successful in identifying 
freshwater wetlands from aerial photography (ref. 2, 3, 4). The purpose is 
to have a date during high water before leaves come out and a date during or 
just after the growing season when vegetation is well-developed. The spring 
date allows relatively easy location of areas with standing water, while the 
summer date allows identification and separation of the major vegetation types. 
It is therefore possible to separate permanent swamps from bottomland hardwoods 
that are flooded only briefly during periods of high water, or to separate 
marsh from open water. 


RESULTS AND DISCUSSION 


Unsupervised classifications to Level I have been largely completed for 
April, 1974 and July, 1979 (Table I). Forest cover has been classified to 
Level II for April, 1974 and wetlands to Level II for July, 1979. 

April data appear to have a high potential fcr separating freshwater 
wetlands. Wooded areas can be divided into several categories by what seems 
to be soil moisture differences. Wooded swamps and bottomland hardwoods have 
been tentatively separated from uplands. Multi-seasonal analysis should make 
it possible to separate these types and even to classify by dominant species 
associations, especially unique areas such as cypress swamps or tidal cedar 
swamps. 

However, April data are less successful when examined for tidal marshes. 
Two major types, high marsh and reed gra»s, are indistinguishable from upland 
fields and croplands. Past work by the University of Delaware Indicates these 
types should be separable on the July imagery (ref. 5), and initial work with 
the July, 1979 data appears to separate salt hay from the agriculture category 
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fairly well. Much of the marsh the computer classified as shallow water for 
the April, 1974 date appears as low marsh on serial photography. Strong winds 
from the south on this date kept much of the water from high tide in Delaware 
Bay and probably increased the level of water on the marsh. Winter tides have 
removed much of the dead marsh vegetation by April, leaving large amounts of 
exposed mud. This serves to lower the reflectance value of these flooded areas, 
giving them a signature different from the water of the Bay and creeks. This 
appears to be a situation unique to this date. 

July data appear to be more useful in separating salt marshes from 
agricultural lands than the April data. Known areas of high marsh that were 
classified agricultural using the April data were correctly included in the 
salt marsh category when July data were used. Some of the low marsh areas 
(tidal marsh classification) have been separated from the other tidal marsh 
types by the July data. Further effort should result in the ability to 
distinguish high marsh and reed grass types. 

However, July, 1979 data also resulted in some agricultural lands being 
classified as salt marsh. While this also occurred with the April data, much 
more of this confusion existed with the July data. The summer of 1979 was 
unusually wet? and flooded or poorly drained fields having low-growing vege- 
tation or stubble probably had signatures similar to that of salt marsh. 

Freshwater wetlands are not distinguishable using July data. Swamps are 
not separable from other forest cover types because of leaf cover. Freshwater 
marshes and wet meadows are probably classified as agricultural cover or salt 
marsh. No attempt has yet been made to separate freshwater wetlands into 
different types. 

Forested cover is also not as well classified by July data as by April 
data. Forested cover, especially deciduous types, is confused with agricultural 
cover when using the July data. Most of those areas that are classified as 
forest cover are categorized as coniferous cover, including many areas of 
deciduous cover. Swamps, which are largely deciduous, are also classified as 
coniferous cover or agricultural cover. Other studies have used summer Landsat 
data for forest cover categorization and have achieved high accuracies for 
Level II classifications. 

Coniferous forest is distinguished from deciduous forest using the April 
data. However, a striping problem exists in the categorization of these two 
cover types that could result in a large number of pixels being misclassifled. 
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CONCLUDING REMARKS 


At present, it Is too early to tell how successful Landsat data will be In 
meeting the stated objectives. Although problems exist, we feel many of these 
will disappear with further analysis. The potential for separation of fresh- 
water wetlands appears better than we hoped would be possible. One area of 
concern Is the small wetlands less than 2.5 hectares which are below the 
resolution capabilities of the current satellites. The Improved resolution of 
Landsat-D will result in a significant increase in the number of these small 
areas that can be identified and Increased accuracy in wetlands classification. 

Although we have not progressed far enough with the analysis to adequately 
test Landsat data for monitoring wetlands changes, some changes have been 
observed between the two dates worked with so far. Successful monitoring of 
tidal wetlands by Landsat would provide a fast, economical way to periodically 
examine these wetlands and to determine the most cost-effective time to re-fly 
our aerial photography and update our regulatory maps. Also, past and current 
research at the University of Delaware is providing gro^dwork that could 
permit tidal wetlands to be classified on the basis of productivity or overall 
condition. This kind of information would be highly beneficial during the 
permit evaluation process on large proposed projects. 
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TABLE I. - INITIAL LAND COVER CLASSES ASSIGNED FOR 
APRIL, 1974 AND JULY, 1979 DATA 


April 1974 classification 

Sand 

Water 

Mud flats 

Salt isarsh 

Coniferous forest 

Deciduous forest 

Frestwater swamp 

Agriculture 

Urban 


July 1979 classification 

Sand/clouds 
Water 
Mud flats 
Tidal marsh 
Salt marsh 

Coniferous forest/swamp 
Deciduous forest 
Agriculture 
Urban 


( 
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ABSTRACT 


Analytical procedures cuMsin. to nost coeputer>orlented geographic 
Infomatlon systeas are conposed of fundaaental nap processing operations. 

This paper develops a conceptual franeMoric for such procedures and describes 
basic operations conaon to a broad range of applications. Aaong the aajor 
classes of prlaltlve operations Identified are those associated %d.th: 

• reclassifying nap categories as a function of the Initial 
classification, the shape, the position, or the size of 
the spatial configuration associated with each category; 

• overlaying naps on a polnt-by-^lnt, a category^lde, or 
a nap-wide basis; 

• Measuring distance; 

• establishing visual or optlnal path connectivity; and, 

• characterizing cartographic neighborhoods based on the 
thenatlc or spatial attributes of the data values %rlthln 
each neighborhood. 

By organizing such operations In a coherent nanner, the basis for a generalized 
cartographic aodellng structure can be developed which iii i iiisaiiiliir i ii a variety 
of needs In a coMon, flexible and intuitive nanner. None of the procedures 
identified Is specific to a particular application. The use of each Is limited 
only by the general thenatlc and spatial nature of the data to which it is 
applied. Host of the techniques described have been Inplemented as part of 
the Map Analysis Package (MAP) developed at the Yale School of Forestry and 
Environaental Studies. 


INTRODUCTION 


Information relating specifically to the spatial characteristics of natural 
resources has been difficult to Incorporate Into environmental planning. Manual 
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tcclmiquca MChodoIogies have prown to be both tedloos end anelytlcelly llniced. 
Conputer-aseleted geographic Inforaatlon ayataaa» on the other hand, hold proalse 
in providing capabllltlea clearly needed for effective planning. This need has 
caused the developing science of spatial Infomation analysis to be aosMuhat pro> 
■aturely cast Into operational contexts. The result has been a growing mater c<* 
special purpose syatsno designed for nore or less unique applications. Recent 
efforts, however, have atteapted to recognize the processing slnllarltles anong 
such ayateas In order to develop aore general capabilities. 

Most conputer-orlented, geogrsfdilc Inforaatlon systeaa Include processing 
capabilities that relate to the encoding, storage, analysis, and/or display of 
spatial data. This paper describes a aeries of techniques that relate specifi- 
cally to tha analysis of aspped data and to the needs of envlronaental planning 
In particular. It Identifies fundanental nap processing operations cosmon to a 
broad range of appllcationa. Host of the operations are part of one or aore of 
the aany geographic Inforaatlon ayateas currently In use (Calkins and Marble, 
1980). Aaong the aajor classes of prlaltlve operations identified arc those 
which: 

• reclassify nap categories; 

e overlay asps on a polnt-by-polnt category>wlde or 
nap-wide basis; 

• neasure distance; 

s establish visual or optlaai path connectivity; 
and, 

• characterize the thenatlc or spatial attributes of 
cartographic neighborhoods. 

By organizing prlaltlve operations In a logical aanner, a generalized carto- 
graphic aodellng approach can be developed (Tonlln and Berry, 1979). 

This fuRdaaental approach can be conceptualized as a "aap algebra" In which 
entire naps are treated as variables. In this context prlaltlve aap analysis 
operations car. be seen as analagous to traditional aathesatlcal operations. The 
sequencing of nap operations Is thus slallar to the algebraic solution of equa- 
tions to find unknowns. In this case, however, the unknowns represent entire 
aaps. This approach has proven to be particularly effective In presenting 
spatial analysis techniques to Individuals with Halted experience In geographic 
Inforaatlon processing (Berry and Toalln, 1980). 


pyLASSIFYlIiC 


The first, and In aany ways the seat fundanental class of analytical opera- 
tions Involves the reclassification of nap categories. Figure 1 shows the result 
of reclassifying a nap as a function of Its Initial theaatlc values. The 
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th«Mitle attributes of a aap are al^ly its lagand eatagorias axprasaad as a 
list of aaaas and/or ntsbbars. For display, a unique graphic syntol Is assoel- 
atad with aach thanatic value. In Figure 1, the COVKITTFB nap has categories of 
LAKE, MBADOH and FOREST. These are stored as theastlc values of 1, 2 and 3 and 
displayed as the syidwls **-**, "***, "O'*, raspactlvely. A blnsry nap that isolates 
the nsadow can be created by slnply assigning to the lake and forest areas a 
value of a graphic synbol " " (blank). 

A slnllar reclassification operation night involve the ranking or weighting 
of qualitative nap categories to generate a new aap with quantitative values. 

A nap of soil types for exanple, night be assigned values that Indicate the 
relative suitability of each soil type for residential developnsnt. Quantita- 
tive values nay also be reclassified to yield new quantitative values. This 
sdght slaply involve a specified reordering of aap categories as described above 
given a map of soil moisture content, generate a map of suitability levels 
for plant growth). Or, It could involve the application of a generalised re- 
classifying function such as "level-slicing" which splits a continuous range of 
nap category values Into discrete intervals (e.g., derivation of a contour map 
fron a nap of topographic elevation values). 

Reclassification operations can also relate to "locational," as opposed to 
purely thenstic attributes associated with a nap. One such characteristic Is 
position. A nap category represented by a single point location, for exanple, 
night be reclassified according to its latitude and longitude. Slnllarly, a 
line segnent or polygon could be reassigned values indicating its center of 
gravity or orientation. 

Another locationally based characteristic is size. In the case of nap 
categories associated with linear features or point locations, overall length 
or nunber of points night be used as the basis for reclassifying those categor- 
ies. Slnllarly, a nap category associated with a planar area night be 
reclassified according to its total acreage or the length of Its perlneter. 

For exanple, a nap of surface water night be reassigned values to indicate the 
areal extent of lakes or the length of streans. The sane sort of technique night 
also be used to deal with volune. Given a nap of depth to botton for a group of 
lakes for exanple, each night be assigned a value Indicating total water volune 
based on the areal extent of each depth category. 

In addition to reclassifying naps based on thenatlc value, position or size 
shape characteristics can also be used. Shape characteristics associated with 
linear foms Identify the patterns fomed by nultiple line segnents (e.g., den- 
dritic strean patterns). The prlnary shape characteristics associated wich 
areal foms include boundary convexity and topological genius. Convexity relates 
to the overall "regularity" of the perlneter of an area, while topological genius 
characterises its "spatial integrity." A nap of forest stands for exanple, night 
be reclassified such that each stand is characterized according to the relative 
anount of forest edge with respect to total acreage and the frequency of interior 
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forest canopy gaps* Those stands vlth a large proportion of edges and a high 
frequency of gaps vlll generally Indicate better wildlife habitat. 

OVERLAYING 


Operations for overlaying naps begin to relate to the uniquely spatial* as 
well as to the thenatlc nature of cartographic Infomatlon. Overlay operations 
can be characterised according to whether they coidilna nap values on a polnt*by> 
point or on a category-wide basis. The fonscr approach Involves creation of new 
naps such that the thenatlc value assigned to every point location is conputed 
as a function of the values associated with that location on two or nore naps. 
Figure 2 shows an exaaple of this type of operation. Here* naps of cover type 
and topographic slope are coablned to create a new nap in which each location is 
characterised by a thenatlc value identifying its particular cover/slope conbln- 
ation. 


In this exanple* qualitative data (cover type) was coablned with quantita- 
tive data (terrain slope) to yield qualitative values identifying cross- 
tabulated uap categories. Consideration of the type of data of course dictates 
the appropriateness of the adding* subtracting* nultlplying* dividing, exponent- 
izlng* aaxialzlng* nlninising* nasking* etc. on a polnt-by-point overlay basis. 

Another approach to overlaying naps Involves category-wide sunnarlzatlon of 
values. Rather than conbinlng Infomatloi? on a location-specific basis* this 
group of operations suaauirlzes the spatial coincidence of entire categories of 
two or sure naps. Figure 3 contains an exanple of a category-wide overlay opera- 
tion u'llng the sane input naps (COVER and slope) as those In Figure 2.' In this 
exanple* the categories of the cover type nap are used to define areas over 
which the values of the slope naps are averaged. The conputed values of average 
slope are then used to reclassify each of the cover type categories. Sunnary 
statistics which can be used in this way include the total, average* naxinun* 
nlnlsnni* nedian* node* or alnorlty value; the standard deviation* variance* or 
diversity of values; and the correlation* deviation* or uniqueness of particular 
value conblnatlons. For exanple* a nap indicating the proportion of undeveloped 
land within each of several counties could be generated by superinposlng a nap 
of county boundaries on a nap of land use and conputlng the ratio of undeveloped 
land to the total land area for each county. As with cell-by-cell overlay 
techniques* data types nust be consistent with the suaaary statistic used. 


HEASURING DISTANCE 


The third class of analytic operations relates prlnarily to the locational 
nature of cartographic Infomatlon. Operations in this group generally involve 
the neasurenent of distance between locations on a nap. One of the slnplest of 
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thmmm operations involves the crsstlon of s asp in which the vslus mssignsd to 
each location indicates the shortest distance ”as the crow flies" between that 
location and a specified "target" area. Insert (a) of Figure 4 is an escanple 
of a asp that indicates the shortest distance froa a ranch to all other loca- 
tions. The result is a series of concentric » equidistant sones arouxHl the ranch. 

In other contexts, however, the '^shortest** route between two points may not 
always be the straight line of the crow. And even if it is straight, tl'e 
Euclidean length of that line may not always reflect a meaningful measure of 
distance. A distance of two miles "as the crow flies," for example, may become 
six miles "as the hiker walks." Furthermore, differences in the speed of travel 
between the crow and the hiker may make travel time a more appropriate measure 
of "distance." From this perspective, distance may be defined in terms of rel- 
ative ease of movement and expressed in such units as time, cost or energy. 

Insert (b) of Figure 4 shows a map of hiking time zones around the ranch. It 
was generated by characterizing the various cover/slope categories of the map 
in Figure 2 as in terms of their relative suitability for hiking. In the 
example, two types of "barriers" are identified. The lake presents an absolute 
barrier which completely restricts hiking. The land areas, on the other hand, 
represent relative barriers to hiking which indicate varied impedance to move- 
ment . 


The use of barriers in directing noveaent can be used in several ways. 

Given a nap of topographic elevation » the watershed of any location can be 
characterized by treating all "downhill" areas as absolute barriers^ then deter- 
mining the sinple distance to all "uphill" locations. Another example involves 
the use of a map of relative geographic barriers to all terrain vehicle travel 
(e.g.y highway speed limits, topographic slope, cover type) to generate a nap 
of concentric time zones around a forest fire station. 


ESTABLISHING CONNECTIVITY 


Another distance related class of operations is concerned with the nature 
of conrectivity aaong locations on a map. One technique traces the steepest 
downhill path from a specified location over a three-dimensional surface. If 
the mp represents a non-porous topographic surface, the path will Identify the 
route of aurficlal runoff. For a surface represented by a travel time map, the 
steepest downhill path traces the quickest route. Insert (a) of Figure 3 con- 
tains a map of the optimal path bet%reen the cabin and the ranch in terms of 
hiking time. Similarly, maps indicating the best routing of a powcrline or 
highway corridor can be generated by considering more complex accumulated cost 
surfaces based on engineering and/or social constraints. 

The process of establishing visual connectivity can also be regarded as an 
extension of distance measurement. Here however, distance is measured only over 
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straight llnsa or rays sasnstlng from a targat araa. Tha Intaraanlng topograph- 
ic raliaf and land cevar sarva as visual barriars batwaan locations. Insert (b) 
of Figure 5 shows a aap of tha "viawshad" of tha ranch. 


HBIGHBORHOOD CHARACTERIZATION 


Tha final class of analytical oparations involves tha creation of new naps 
in which the value assigned to each location is a function of tha values of Its 
surrounding locations or neighborlv>od, Anong the sinplest operations in this 
group are those which involve the calculation of sunnary statistics characteris- 
ing neighborhoods. Depending on the type of nap being analysed, these statistics 
night include the naxinun land value, the average nunber of houses per hectare, 
or the proportion of softwoods* Insert (a) of Figure 6 shows a nap that charac- 
terises cover type diversity. Other neighborhood sunnary operations can be used 
for spatial interpolation, nap snoothlng, assessing narrowness, or percellng 
categories into contiguous groups, 

A second group of neighborhood operations Involves characterising three- 
dinenslonal surfaces. Slope and aspect naps can be generated fron a nap of 
topographic elevation by a "least squares" fit of a plane to a neighborhood 
defined by adjoining elevation values. This technique is analogous to the 
fitting of a linear regression line to data points, except that a plane is 
fitted. The slope and orientation of the plane detemlnes the values for naps 
of slope and aspect. Insert (b) of Figure 6 shows a nap of aspect based on a 
nap of elevation values. This technique is not United to land fom analysis. 

It might also be used to measure rates of change (i.e., slope) over non- 
topographic surfaces such as maps of travel time or accumulated cost. Con- 
sider, for example, the generation of a new slope map from an existing slope 
map (i.e., second derivative of an elevation map) to indicate topographic 
roughness . 


CARTOGRAPHIC MODELING 


As an axanple of sons of the ways in which fundanental nap processing 
operations night be cosd>ined to perfom nore conplex analyses, consider the 
cartographic nodel outlined in Fitjure 7. Given nape of topographic elevation 
and land use categories, the nodel allocates a ninlnun-cost highway alignnsnt 
between two predetemlned temlni. Relative cost is neasured in terns of 
locational criteria rather than dollars. For this exanple, these criteria 
include only avoidance of steep slopes and nlninlxation of visual exposure to 
residential areas. The nodel uses operations fron each of the fundanental 
classes outlin^'d above. 
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Several natural resources related aodels have been developed at the Tale 
School of Forestry and Bnvlronaantal Studies using this approach as enbodlad In 
Map Analysis Package software (Tonlln, la preparation). These Include nodals 
for: 


e assessing deer habitat quality as a function of weighted 
proxlnlty to natural and anthropogenic factors; 

• napping outdoor recreation opportunity as detemlned by 
an area's roMteness, sise* and physical and social 
attributes; 

• predicting atom runoff from snail wateraheds by spatially 
evaluating the standard SCS nodel; 

• assessing the spatial raniflcatlons of the conprehenslve 
plan of a snail town; and, 

• characterising tlnber lands In terns of predicted felling 
breakage, effective tlnber supply, and optlnal tlning of 
harvesting. 


COMCLUSION 


A broad range of fundanental nap analysis operations can be identified and 
grouped according to generalized characteristics. This organization establishes 
a franework for understanding of the analytic potential of conputer-asslsted nap 
analysis. By logically ordering these fundanental operations, a cartographic 
nodeling language can be developed which accosnodates a variety of applications 
in a conaon, flexible and intuitive manner. 


REPERSNCBS 


1. Calkins, H. and Marble, D. F.: Computer Software for Spatial Data Handling. 

International Geographical Union, Ottawa, Ontario, 1980. 

2. Berry, J. K. and Tomlin, C. 0.: Cartographic Modeling in the Classroom— 

A Fundamental Approach to Computer Assisted Map Analysis. Azwr. Congress 
on Surveying and Happing, 40th Symposium Proc., 227-241, 1980. 

3. Tomlin, C. D.: Cartographic Modeling Techniques in Environmental Planning. 

Doctoral dissertation, Yale School of Forestry, New Haven, Connecticut, in 
preparation. 

4. Tomlin, C. D. and Berry, J. K. : A Mathematical Structure for Cartographic 

Modeling in Environmental Analysis, Amer. Congress on Surveying and 
Mapping, 39th Symp. Proc., 269-283, 1979. 



ORIGINAL PAOt J* 
OF POOR QUALITY 


OPOQQOOQODOOO9OOSOOOO09O9 **» 

::: ?SOT«InUUHUhiii ::: 


ooooooooou imiTn::}?!! ••• 





OOiU'Ol’OOOi' > FO***T 


) 1 « ( 1 R . n I OVIRAk^t 

2ii iTM.» . «x I oyrtAt^ 

j»o cri.1* vovriAi,* 


J MtAROH 


40a >RLl» *4.»1 VOVlAAtf 

::t itLlR )4.4X 


FIGURE 1, RBCLASSIFYIlHf NAPS. Reclassification can be based on initial 
thematic value as In this example. The cover types of LAKE and FOREST 
are renumbered to the value zero and displayed as blanhs. The resulting 
map Isolates the MEADOW area. 



FIGURE 2« CELL>BY— CELL OVERLAY. Cell— by-cell overlays are location 
specific. In this example each map location is asslgnled a unique 
value identifying the cover type and slope combination. 
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FIGURE 3. CATEGORY-WIDE OVERLAY. Category-wide overlays sumarlze the 
spatial coincidence of areal features. In this exastple each of the 
three cover types are assigned a value equal to their average slopes. 
In computing these averages the slope values occurring within each 
cover type boundary is averaged sepio'ately. 
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Bln«d &8 Suclidean length or as e function of absolute or relatire 


barriers* In this example, insert (a) identifies equidistant zones 
around the ranch. Insert (b) is a tim-veighted distance nap ident- 


ifying tiaetones of hiking froa the ranch. It vas generated by con- 


sidering the relative ease of travel through each cover type. 
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FIOURK 5 , ESTABLISHIMO COIWECTIVITY. Conncctlrity operations characterise 
the nature of the spatial linkages between points. Insert (a) delineates 
the shortest (i.e. quickest) hiking route between the cabin and the 
ranch. The route traces the steepest downhill path along n cusnilative 
hiking-tlae surface. Insert (b) identifies the Tiewshed of the ranch. 
Topographic relief and forest cover act as visual barriers when 
establishing connectivity. 
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FIGURE 6. CHABACTSIIZIIIG CARfOGRAPHIC REIGHBORHOODS. Seif^iborhood 
opiratloas cimracterize m|> locatlcnz by »iaMMurizin« the attribute* 
of their surouodiof locations. Insert <a^ is a tsai> of corer type 
diversity generated by ctx^uting the nuaber of different corer types 
in the ianediate yicinity of each wm^ loeatimi. Insert {h} is a wip 
<^f ti^grapbic aspect. It was generated by successively fitting a 
plane to neighborhoods of adjoining elevation values. 
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FIGURE 7. CARTOGRAPHIC MODKLIHG. Cartographic aodeling is analogous 
to conTsntiooal algebraic eTaluaticm in which priaitiwe ■atheaatical 
operations are sequentially ordered to solve eoaplex expressions. This 
exa^>le uses a series of nap operations (indicated by arrows) to derive 
intemediate naps (indicated as boxes) leading to a final nap that 
identifies the optinal corridor for a hi^tway. 
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THE INTB(»AriON OF A LANDSAT AHALTSIS CAPABILITY 
WITH A GEOGRAPHIC IMFCHtMATION SYSTEM 


Earl A. Nordstrand 
Latid Management Information Center 
Minnesota State Planning Agency 


ABSTRACT 


Geographic information systems process data relative to location. An 
effective geographic information system must be able to Integrate all types of 
locational information including Landsat. The t%io primary probleitt in handling 
LanAsat data are data registration and selection of appropriate information. 
Minnc:8oca has integrated Landsat data by developing a rlexible, compatible 
analysis tool and using an existing data base to select the usable data from a 
Landsat analysis. 


INTROOTCTION 


Location, though not always recorded, is inherent to all types of informa«> 
tlon. In most cases, location affects or influences the form of information. 
Geographers use naps to understand information and its relationship to location. 
Map interpretation and correlation is a difficult task in normal circumstances, 
but a geographic information system simplifies the task. The Geographic Informa* 
tion System (GIS) is used to integrate all types of information that can be 
identified by location. 

Location is not a simple concept, however, because of differing accuracy 
needs and the problea of dealing with spherical geometry. Survey and coordinate 
systems have been developed to identify locations of the Earth, but often these 
systems are too complex and man resorts to administrative units or descriptors 
that make exact location impossible. An effective geographic information system 
must have techniques or computer processes to handle all types of locational 
references. Additionally, a geographic information system must establish an 
accessible data base, innovatively use available equipment and most importantly, 
provide the link between technical capabilities and user needs; "to tell people 
what will work." 


Remote sensing is a valuable tool to learn about geographic information. 
Remote sensing products are a form of map Information, although more detailed 
and including more information than a typical thematic map. Landsat, although 
not a traditional remote sensing methodology, is a digital form of information 
that can be easily integrated with a geographic information system. The Landsat 
resolution and spectral sensitivity are scheduled to improve with Landsat D. 
Geographic information systems can integrate Landsat data to improve the data 
base at a reasonable cost and the technology exists to use the data now. 


Minnesota has developed an integrated approach to geographic data including 
Landsat and is finding that planners and decision makers welcome this information 
because it can be quantified and presented in an interpretable form. Minnesotans 
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approach to location^ data base, systen capabilities and integration of Landsat 
data into a geographic information system nay be useful to others as expanded use 
of geographic information system capabilities develops^ 


LOCATION 


The location of an item of information can most easily be described by its 
distance in two directions trom a kncwn point. The distance can be measured in 
any unit and is usually referred tc as x and y. In a raster or grid system the 
distance can be measured in rows and columns. In a polygonal data base, informa- 
tion can be about a point, line or polygon which is described by one or more 
pairs of x,y coordinates. Grid data cannot normally be as accurate as polygon 
data, thus the polygon is often preferred. An effective geographic information 
system has to be able to handle any of these location descriptions and be able 
to use data in any of these forms. 

Although these location descriptors are the building blocks of a geographic 
information system, many complications arise because of alternative coordinate 
schemes, distortion in maps and aerial photos and the variety of map projections 
that data can be displayed on or captured from. Reasonably accurate results 
require that all data be converted to a comzion coordinate system. In addition, 
CIS should have routines to compensate for distortions or compute alternative 
projections. Minnesota has decided to use the Universal Transverse Mercator 
projection coordinates as the common element between all data sets. In addition, 
programs to do bilinear and affine transformations are used as well as programs 
to calculate state plane, universal transverse mercator or Lambert polyconic 
conformal coordinates from latitude- longitude coordinates. 

Even if a system is able to handle all kinds of coordinate systems, a large 
volume of information may be missed. This information is referenced by an 
administrative unit which has geographic extent. Most economic, demographic or 
social information is collected in this way as is information such as ownership. 
An Important part of building a geographic information system with wide applica- 
bility is to include polygonal or grid cell reference^? ^or these administrative 
units. Minnesota has included Public Land Survey units to the quarter 
section. Census units to block detail, school districts, and watersheds through 
which other data can be integrated into the data base. 

Landsat has its own georeferencing system based upon the orbit of the satel- 
lite and the resolution of the sensors. In order to make Landsat data compatible 
with other data, it is resampled into UTM coordinates using either nearest 
neighbor or cubic convolution and an affine transformation. Once this resampling 
is accomplished, Landsat looks much like other map data and the reflectance can 
then be compared to other data in the system. 


DATA BASE 


Landsat data alone are of minimal value to many types of environmental 
analyses or the applications of a CIS. Landsat at best is land cover information 
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of limited resolution that needs an analyst's interpretation. The availability 
of recurrent coverage and the fact that Landsat is collecting data even if the 
data have not been requested gives it utility when a land cover phenooena needs 
evaluation. If other information already exists in a geographic information 
system, it can be very important to the acceptance of Landsat data as part of a 
geographic information system application. 

A variety of data is n^:cessary to enable a GIS to address environmental 
problems. Minnesota originally collected the best available statewide data, 
computerized it in a public land survey grid and made it available for use. The 
data included soils associations, land use/ cover, forest type, water features, 
roads, public ownership and Census Minor Civil Divisions. These data are used in 
many regional and statewide environmental analyses. It is not extremely accurate 
or detailed but does provide the overview capabilities. As Minnesota has matured 
in its use of a GIS, many new and more detailed sources of Information have become 
available and are being integrated into the data base. 

Data uncovered over the past two to four years includes some in d^eital form, 
some on published maps and some as scribe lines or photo Interpretation j.lnes on 
air photos. These include: 

1) Detailed water Information found in the Environmental Protection 
Agency river mile files. These data include all rivers^ streams and 
lakes as digitized lines. 

2) The digital elevation model data from the National Cartographic 
Information Center have provided elevation, slope and aspect 
information. 

3) The National Wetlands Inventory, although not funded through 
completion, is defining wetlands on air photo overlays down to 
1/2 acre in size. Minnesota is developing a process to digitize 
these data as they become available. 

4) Forest plots will be digitized by the Minnesota Department of 
Natural Resources as part of a timber management system. 

5) An evaluation of technologies for capturing detailed soils 
surveys will develop a methodology to digitize the soils maps. 

6) Landsat processing capability has been added to incorporate these 
digital files into *:he data base. 

Using advanced geographic information system techniques, these data can be 
stored in its most detailed form and used at resolutions appropriate for the 
analyses. The complication is that Landsat needs more interpretation to become 
a usable product and requires flexible software so that the data can be used 
selectively. Minnesota has developed a software capability that is flexible and 
efficient fer handling Landsat data in conjunction with other information in the 
system. 
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SYSTEM CAPABILITIES 


The Landsat analysis capability in Minnesota has been integrated with all 
other CIS capabilities by insuring file compatibility ^nd developing flexible 
analysis routines, Minnesota has traditionally processed grid cell data with a 
software package called the Environmental Planning and Programming Language (EPPL), 
This software has a very sophisticated set of comnands to allow manipulation of 
grid cell data plujs the flexibility to allow the user to Include FORTRAN state- 
ments for special functions. Using this combination of capabilities the user 
can classify a Landsat image and then selectively merge the results with other 
data that may exist for the area under study. 

In addition to use of the general purpose software, Landsat processing 
requires interpretation by the analyst. This interpretation is best accomplished 
by providing interactive tools such as Image processing equipment to aid in the 
process. By allowing the analyst to examine a full color image of the area 
being analyzed, the analyst can use judgement in acceptance of a classified 
result* 

A final necessity to the acceptance of Landsat and GIS data by decision 
makers is the ability to produce meaningful output. A variety of plotting capa- 
bilities are necessary to allow flexibility in map composition. Minnesota has 
developed software that allows shading or boundary plotting with specially 
designed symbols. This software also allows up to three overlays and text to be 
added to plots. A typical plot may have several gray shades for different land 
cover classes with township section lines overlaid (Figure 1). This creates a 
map that has orientation references. This software also drives a color plotter 
for cases where color will aid the interpretation. 

Flexible capabilities and integrated facilities allow the analyst to be 
creative and develop the most from his data* Landsat data can be filtered through 
other information and composited to create a usable land use/land cover map. An 
approach used in Minnesota to the compositing of this information will be dis- 
cussed next. 


LANDSAT INTEGRATION 


Landsat includes a tremendous amount of infozrmation about the landscape. 
Depending upon weather conditions, it is relatively easy to obtain inforaation 
by season for every year since the first Landsat was launched. If all of the 
Landsat data were acquired for one location, the sheer volume of the information 
would overwhelm most environmental planners. Using a GIS capability the analyst 
can select the information meaningful to the specific environmental issue. 

The initial problems with Landsat data are to resolve the location questions 
and to reduce the volume of data that needs to be handled. The location problems 
are usually handled by the aforementioned resampling techniques which transform 
the Landsat data into a kncnvn map projection grid. After this resampling is 
accomplished, the Landsat image can be directly compared to other data 
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in the infonatlon system. Additionally, the volume of data needs to be reduced 
and this is usually accomplished by an unsupervised classification. 

An effective unsupervised classification requires a good technique to develop 
the training sets or areas which are identified as features that are representa- 
tive of land cover types. The technique used in Minnesota searches for areas of 
homogeneity of at least five pixels in size. These areas then become foci for 
the classifier to find other similar areas. The result of the process 
identifies from 30 to 50 individual cover types from the original 63 possible 
types. 

The next step is to compare these 30 to 50 categories to known infor- 
mation in the data base. Within the Minnesota Land Management Information System, 
information such as soil types, land use, forest cover type or elevation could be 
used to refine the classification. This is done by accepting the Landsat classi- 
fication only if it occurs within certain categories of these other variables. 
Because of the difference between the 40-acre resolution of the MLMIS data and 
the .625 or 2.5 acre resolution of resampled Landsat data, the Landsat classifi- 
cation can be used as an improvement of the resolution of the original data base. 


In add^.tion to the above technique for refining land cover information, 
Landsat can also be used to monitor land cover change that is either seasonal- 
or occurs over several years. Abrupt changes in cover of two to five acres in 
size or larger are relatively easy to identify with Landsat and should become a 
very important part of the monitoring of change in our environment. 


CONCLUSION 


Landsat data should become a part of a CIS but 
Landsat data are Integrated with other information, 
formation to the analyst or decision maker put in a 
will allow Landsat data to be used effectively. If 
spectral sensitivity are Improved, the users of CIS 
Increase their dependence on Landsat data. 


cannot be the backbone. When 
it can provide valuable In- 
usable form. CIS technology 
Landsat resolution and 
technology will surely 
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APPLICATION OF GEOGRAPHIC INFORMATION SYSTEMS 
TO LANDSCAPE ARCHITECTURE 

Charles L. Klllpack 
Utah State University 


ABSTRACT 


This paper describes the dilexnma of the application of Geographic Informa-* 
tion Systems to landscape architecture. The paper covers the evolution of 
Geographic Information Systems (GIS) and how the emphasis on either data capture 
or spatial analysis has caused problems in their ultimate use in regional land- 
scape assessment. The future looks good for new applications once systems can 
handle complex modeling and the routine day-to-day activities of landscape arch! 
tectural and planning firms. 

INTRODUCTION 


The history and use of GIS in landscape architecture reflects upon the ac- 
tual evolution of GIS. This evolution produced a dilemma for landscape archi- 
tects and planners that to some extent exists even today* This dilemma is 
especially tioublesome for landscape architects practicing regional landscape 
assessment. To understand this dilemma * one must review the evolution of GIS. 

The purpose of this paper is to briefly discuss the development of GIS and 
Che influences of landscape architecture on this development and the ipifluences 
of the systems on landscape architecture. Hie evolution of the systems can be 
categorized into tvo main areas of development: Those professionals interested 

in (1) capturing, storing, mapping and displaying spatial data; and (2) manipula 
ting, analyzing, modeling and simulating with spatial data. The one group 
included, among many others, cartographers, geographers, engineers, architects; 
and the second group included planners, geographx^rs, foresters, ecologists, and, 
of course, landscape architects. The groups are divided into the tvo extremes 
of an artificial continuum (at the real risk of distorting t)ie inferences drawn) 
The far left side is residence to those interested in representing the original 
data as accurately as possible, while the far right is occupied by those most 
interested in duplicating the traditional methods of data combination used by 
planners (see Figure 1). This first group spent their time trying to develop 
systems to capture and represent spatial phenomena as accurately as a cartog- 
rapher or draftsperson, while the second group was more interested in general- 
izing or abstracting the data in order to visualize relationships between 
various data sets or, probably more importantly, mimic existing spatial data com 
bination procedures. 

This initial period was one of typical research and development where many 
different ideas and tecliniqucs were tried. Particularly in landscape architec- 
ture there was GRID and IMGRID, METUAND and PERMITS being developed by Harvard, 
University of Massachusetts, and University of Wisconsin, respectively 
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(r*f. 1, 2, 3, A). Th«s« syatana wara balng taatad and uaad by groupa auch aa tha 
Corpa of B^lnaara» Foraat Sarvica, and Bonnavllla Powar Adniniatratlon. Figura 2 
raflacta tha tvo raaaarch/davalopnant groupa with aach having a unlqua lntaraat» 
althar autonatad aaipplng or nodallng. Tha intarfaca with tha conputar and Ita 
awkward paripharal aqulpnant waa alanantary and focuaad on ataking tha aqulpnant 
raplicata axiating procaduraa. idthough thara ware aona iatportant attanpta In 
landacapa archltactura to utlllaa tha coaputar'a graphic and aopaclally Ita 
nuabar-crunchlng ability through atatlatical data analyaia, aoat uaaa wara aliapla 
coablnationa of nominal and ordinal data. A faw projacta wara uniqua, and thay 
includad tha cluataring procadure uaad by Wiaconaln (raf. S, 6, 7), tha impact 
evaluation baaed upon hierarchical non-linaar combination of data (ref. 8), 
weighted roapoaitaa (raf. 9, 10), and vlaual analyaia of large araaa (raf. 11). 
Thera ia alao a larger divaraa group outalda landncapa architecture dealing 
with gaming, aimulation, and probabiliatic and atochaatic modeling (raf. 12, 13, 
14). Alao, cartographera and gaographara wara involved in map production and 
reaaarch into tha thaotatlcal aapacta of repraaanting a thraa-dimanaional phe- 
nomenon with a apatial data atructura (raf. 15, 16). 

Tha landacapa architectural uaars during thla period wata a e-mail diverse 
group scattered throughout areas of interest, and most had little to lose by 
trying the results of a research product, especially when it was subsidised. 

User groups Include states like New York and Minnesota; power companies like 
BPA and TVA; towns like North Lo^an; regions such as Indiana Heartland; and 
agencies such as the Corps of Engineers and the Forest Service. Also, this 
period saw large grants appear focused around the implementation of these systems 
to practical problems. In the area of modeling, the Ford Foundation's Regional 
Environmental Management programs and NSF's RANN pregrams greatly contributed to 
the research and development (ref. 17). In the area of mapping and automated 
cartography, groups such as USGS, Canadian Geographic Information System, and 
research activities at the Harvard Lab for Computer Graphics and Spatial Analysis 
led the way in application and research (ref. 18). 

THE DILEMMA 


This development is what caused the dilemma in landscape architecture. The 
problon s<«emed to be one of using a GIS, or perhaps more accurately stated as a 
land Information System. The available system had two major characteristics: 
the ability to capture and map data accurately or manipulate and model with the 
data. These frustrations were found by the landscape architect during the 
storage and anclysls phase of the modeling activities; for example, the over- 
laying of original data (polygon) took Incredible amounts of computer time 
(ref. 19). A major problem rested in the input procedures. The abstracted grid 
cell techniques were labor intensive and costly to update and edit, while the 
polygon files were in most cases double digitized; many hours were speixt correc- 
ting and editing "slivers" (ref. 20). Because of these problems many appli- 
cations suffered losses. For example, the LUNR project in New York did not have 
the equipment or administrative procedures to handle the data at the scale 
appropriate to the types of Issues being faced by the local planning groups. On 
the other hand, the Canadian Gecarcphic Information System (CGIS) tried to uti- 
lize the most sophisticated equipment for data capture but was unable to produce 
usable output. (Recent upgrades of the CGIS have made it an operational system.) 
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There were probably even more exaaplea of computer date bases collected at the 
wrong scale and resolution mostly In a grid cell format that couldn't provide the 
user enough "detailed" data for decision making i An important concept that was 
overlooked by many usar groups, especially landscape architects, Is that of 
making land Information systems routine. Kany frustrations and disappointments 
would have been less important if the user and the developer would have realised 
that many single purpose or limited systems could not respond to the routine or 
everyday activities of the users' organisations. One good example is the appli- 
cation of a land Information system to predict loss of agricultural land In the 
Indianapolis area. 

AN EXAMPLE CASE STUDY 


This project was completed at the Holcomb Research Institute In cooperation 
with the Indiana Heartland Coordinating Commission, the Regional Pla nnin g Agency 
for Indlanapolls/Marlan County and the seven adjacer^t counties. The project had 
four steps which Included defining pririie farmland, determining existing farmland, 
projecting a new pattern of land use, analysing the loss of prime farmland, and 
evaluating the impact of projecting prime farmland. The project described here 
used Landsat to produce an accurate, up-to-date Inventory of farmland which was 
combined with other computer data files that had been collected by the Indiana 
Heartland Coordinating Commission (IHCC) for their 208 Water Quality project. 

The data were collected on a 500 x 500 meter grid (approximately 62 acres). The 
data base Included political boundaries, water. Institutions, housing, transpor- 
tation, recreation, railroads, soils, commerce, rivers and agriculture. This 
Information was then augmented by handset data which \«is transferred to the 62- 
acre cells in order to match the existing data base. 

The prime soils had to be identified through the use of the criteria 
developed by the USDA. In general, this Includes well drained, flat, no rocks, 
moderate Ph, and good nutrient content. In Indiana where much of the soil Is 
prime, it required the computer to sort through the 66 soil assoclatlcns and 
determine its prime "ranking." Figure 3 shows the general soil associations 
grouped into four shades which Illustrate that the lower left-hand comer Is 
where the landscape escaped the effects of the last glacier, and the soils are 
more diverse, rocky, and In general, less suitable for farming. In Figure 4 the 
dark areas show the cells that contain over 50 percent prime soil. 

Landsat data were used to delineate current farmland. The reasons Landsat 
was chosen over other conventional sources Include: 

• available for the dates required 

• already In a computer- compatible form 

• cheaper than paying air photo interpretation (about $200 to be processed) 

• uniform coverage for 2 million acres 

• had Infrared capabilities to aid In distinguishing crop type 
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• appropriate for regional scale work 
e the software and hardware required were available 

The Landsat data were then classified using ground truth and conventional air 
photos. Figure 5 shows the current prime farmland. This map is produced by com- 
bining the prime soils map with a map that contains bare and fallow soil, com 
fields, pasture, and soybeans. The resultant dark areas are those that are both 
prime soils and current farmland. This map is then used to determine the amount 
of prime farmland available. The prime farmland map was ovcrlayed with the 
result.; of a land use allocation model that allocated the appropriate number of 
cells of new land uses. The model analyzed the relationship between existing 
land use and land available for develop!.' t. The model analyzes the existing 
spatial pattern and projects that pattern <nd its characteristics into the future. 
Figure 6 shows the dark areas as being the new land uses projected and the gray 
areas being the existing land use patterns. The map of projected land uses 
(Figure 6) was then overlayed with the prime farmland map (Figure A) to produce 
Figure 7. Figure 7 Illustrates the estimated loss of prime farmland by the pro- 
jected land use patterns. The dark areas are those areas that were prime farm- 
land and will be removed by the projected development. The gray area is the 
existing land use pattern. 

The. next step was to use the current prime farmland map (Figure 4) as a 
constraint on the land use allocation model. This meant that the model could not 
allocate on prime farmland; therefore. It had to find the next-best cells. The 
resultant map (Figure 8) shows the projected pattern resulting from preserving 
prime farmland. The pattern is much the same as Figure 6 except there are many 
changes that meant certain communities would suffer a loss in development, while 
other communities with similar prime areas for development, but less prime farm- 
land, would gain in land use development. 

This study was very useful to the agency, but it is difficult to incorporate 
the data and software as an Important part of their routine work. The frustra- 
tion is a result of these systems not being able to perform day-to-day tasks with 
the type of data and resolution required. 

THE FUTURE 


The future of CIS for landscape architecture and planning is directly re- 
lated to operational CIS that can respond to both single-purpose studies and the 
day-to-day routine tasks. Today we see a swell of activity in private companies 
developing operational GIS. This is a direct result of the demanding systems 
that can handle detailed data input for most types of data and provide special 
modeling capabilities for special purpose studies. This demand has spurred the 
development of a GIS tiTat can respond tc three major user groups: Inexpensive, 
expensive, and very expensive (see Figure 9). Since most new development of GIS 
technology is going to occur in the private sector, they will focus on the user 
groups in two ways. The first, which is an option open only to the larger com- 
panies, is by providing a small micro-system, a mid-size system, and a full- 
blown system. The second approach will be for smaller companies to focus on one 
of the markets. For example, ERDAS (ref. 21) is producing small systems to 
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handle relatively small date bases with abstracted data capturing techniques all 
for 30 to 50 thousand dollars. Th.ii BRDAS company is a small company focusing on 
the inexpensive market. Also, larger companiaa such as the APPLE system are now 
producing spatial analysis software. 

Another approach by medium-sised companies is to produce a scaled-do%m ver- 
sion of their larger system, such as COMARC (ref. 22). The final approach would 
be me similar to Intergraph (ref. 23), whexn they pursue larger users who can 
afford the total system. 

The Inherent problem is the important concept of routine. There will be no 
problem in systems for paper companies, oil companies, federal agencies, and 
large cities due to the capital and manpower inherent in these groups. They will 
be able to purchase the large CIS for one-hall million dollars plus. But where 
does that leave the other two groups? The medium group is still in pretty good 
shape. This group would Include medium-sized cities, regional agencies and land- 
scape architectural consulting companies that handle proJect-by-proJect Jobs. 

These groups can use the systems almost routinely given that the data are input by 
polygon and analyzed in conjunction with the other types of data. Finally, where 
does this leave the small user? My guess is that for the near future they are 
stuck without enough money to get what they need. 1 jt example, if a vendor can 
reduce the cost of the system to 30 to 40 thousand dollars, something must be 
sacrificed. In most cases, it's the data input; that means going from a polygon 
file to a raster or grid. This Cvwses a major conflict, again using the idea of 
"routine." The fmall user will probably be a community or a consultant working 
with small communities or small-scale projects. The major use of a system for a 
small town is the parcel or ownership boundaries. But most small systems lack 
the resolution to handle the polygon file. While some systems handle the polygon 
file, the attribute system is too limited to make it operate on a routine basis. 
The future will see this problem become less severe as technology develops new 
disc access systems and more processing power becomes cheaper. 

The use of GIS for landscape architecture relates to the cost of developing 
;ystems that can handle both small-scale routine projects and larger, single- 
purpose studies. One major factor in the use of GIS technology ic the potential 
availability of raw data in a computer-compatible form. Let's say that a c'tn- 
sultant gets a contract to assess the Impacts of the MX missile system on t large 
area in Nevada and Utah. The first step is to get the DMA topographic tapes, 
which through simple mathematical transformation give the consultant aspect, 
slope, drainage patterns, and elevation. The next step is to get the GBF/Dime 
Files, which provide all the social economic parameters required. The third step 
is to obtain a classified landsat scene which provides the land cover data, and 
finally, the consultant can obtain from the SCS the digitized soil data for the 
region. Ana if they are lucky, they will find a property boundary file from the 
state or local tax organizations. A final problem in the complete utilization of 
GIS for landscape architects is related to the inherent utility of computer sys- 
tems. The research in the application of computer napping and spatial analysis 
is tied directly to the ability of the user to understand the inherent utility of 
the computer system. Perhaps a similar situation occurred around the 1900' s with 
the tractor and farming. "The escape of the tractor from its Identity with the 
horse occurred when its design and use were related to the Inherent utility it 
offered and not tc replacement or substitution ..." (ref. 24). 
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Figure 1. The distinction between the development groups was 
one of data capture and modeling. Because of the discipline's 
background, each had its o%m need for an initial Geographic In- 
formation System. 



Figure 2. The two major groups involved in the development of 
inf oroaf ions systems had two separate objectives; one group was 
striving for perfect map production and data capture, while the 
other was more Interested in large visual relationship between 
spatial data. 
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Figure 3. Generalized soil as 
gion; 66 soil associations are 
gray for graphic purposes. 
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Figure 4. Prime soil;; map as identified by USDA Soil Conser- 
vation Service criteria. Of the 86 soil associations measured 
for this region, 24 are considered prime farmland soils. 
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Figure 6. Projections of development for low-» medium- and 
high-density housing for the year 2000 (dar symbol) • Current 
urban development is symbolized by a dash* No constraints 
are used and some prime farmlands become developed* A total 
of 81,890 acres (1320 cells) are projected to be developed at 
the current rate of development. 
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Figure 7. Loss of prime farmlands. By the year 2000, 30,030 
acres of prime farmland will have been lost to urban expansion. 
The average farm size in Indiana is 191 acres, which is equiv- 
alent to losing 157 farms. 
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Figure 8. By preventing the projected development upon prime 
farmland, a total of 81,840 acres are still allocated for new 
development, but the development is forced to occur on areas 
other than the prime farmland « 
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REMOTE SENSING 


AT THE UNIVERSITY OF MASSACHUSETTS 


Robert L* Huguenin 
Remote Sensing Center - Hasbrouck 
University of Massachusetts 
Amherst, MA 01003 


Over thirty faculty are actively engaged in remote sensing projects at the 
University of Massachusetts, and we are now attempting to pool that talent 
through joint courses, cooperative projects, and the development of new common* 
use facilities. Expertise currently spans from Astronomy and the Planetary 
Sciences, through Geology and Geography, Electrical and Computer Engineering, 
Civil Engineering, Computer Information Sciences, Conqputer Art, Forestry 
and Wildlife Mamagement, to Landscape Architecture and Regional Planning* 

An Image Processing Laboratory has been established. Currently we are 
using the University Confuting Center's large CYBER 175 coir^uter with extended 
memory, a large dedicated disc drive, Ramtek 9400 high-resolution 1280 x 1024 
color display with a PDP 1133 interface to the CYBER, a dedicated Gould 5200 
electrostatic printer/plotter, and three major image processing software systems. 
Two of the software systems are interactive and one is batch. INTERSYS 103, 
developed by the Control Data Corporation, allows interactive viewing of data 
(up to 60 bits per pixel), provides display commands including one that 
controls the Ramtek, and it permits interactive creation and debugging of 
new display functions. XPLOR is an image processing applications library 
through v^ich INTERSYS performs its image processing functions (data 
conditioning, image enhancement, image registration, multispectral analysis, 
mosaicking, terrain presentation, digital filtering, and I/O utility routines) . 
XPLOR is ideal for large images and image mosaic’o and it operates in back- 
ground batch mode, while INTERSYS remains intevact..ve . TIPS, developed by our 
Assitant Director for Image Processing while at UHawaii, is a more interactive 
system for smaller images or image segments. It performs many of the Seune 
functions as XPLOR, but it is designed to be used interactively on a dedicated 
minicoir 5 )uter. TIPS also operates in floating point format for detailed 
quantitative analysis (XPLOR operates in integer format) . Both XPLOR and TIPS 
are being upgraded with new subroutines to expand their versatility. Ultimately 
the user will work with TIPS to interactively develop a processing procedure 
on small (1024 x 1024) segments of a full scene, and then process the full 
scene or scenes with the identical procedure in batch mode using enhanced 
XPLOR. A fourth somewhat less-robust image processing software system has also 
been made operational on the CYBER primarily for instructional and training 
use, by a faculty member within the Department of Forestry and Wildlife 
Management. The Landscape Architecture and Regional Planning Department's 
METLAND Project operates a coii^uterized geobased information system In 
addition the Engineering Computer Station within the Department of Electrical 
and Computer Engineering is developing a special image processing research 
and development prograun using a VAX-based system. 
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The University has strong image processing, graphics, and artificial 
intelligence /pat tern recognition expertise within the Computing Center, 
Department of Computer Information Sciences ^ Department ot Electrical and 
Compucer Engineering, and the Computer Art Program; capabilities are rapidly 
expanding through our efforts to pool that expertise and pr<xnote interactions 
within the applications personnel. Future plans call for several additional 
image processing capabilities to be added pending funding, including a 
scanning image digitizer/hardcopy writer unit, additional terminals, and a 
dedicated production photolab. The University also plans to expand its 
current library of Landsat and CZCS tapes, airphotos, and maps, with the 
eventual establishment of an Archival Service to assist users in the rapid 
acquisition and quality evaluation of retrospective data from national 
archives (EROS, EDIC, etc.) and private collections. 

Associa ^ with this effort, we are attempting to develop a unique real- 
time Automata. ")ata Acquisition and Processing System (ADAPS) for direct 
reception and i accessing of satellite image data. This project is being planned 
as a component of the University's Five College Radio Astronomy Observatory. 

The FCRAO is an operational mode facility that routinely acquires, processes, 
and displays up to 40 Mbit/sec data for the user in real time. The facility 
operates the largest and most sensitive millimeter wave telescope in the ’vorld, 
and its meter wave facility has been used to discover over half of the 
pulsars recorded to date. The latter facility has been fully automated and 
it can uniquely operate unattended. The FCRAO staff of 62 people represents 
the kind of expertise necessary to develop ADAPS, and through a cooperative 
effort with the Image Processing Lab personnel we are trying to transfer the 
radio astronomy technology- to the problem of timely data acquisition. ADAPS 
software will process the data in floating point as part of an effort to 
introduce new quantitative processing routines from the Astronomy and Planetary 
Science fields to Earth satellite data. 

As part of this technology transfer effort, the University's Planetary 
Chemistry Laboratory within the Department of Physics and Astronomy is 
developing an Applications Spectroscopy Laboratory to transfer Planetary 
Science spectrophotometry and spectral imagery techniques to earth applications - 
This is a state-of-the-art facility operating a new Perkin Elmer model 330 
microprocessor controlled LV/VIS/NIR (0.185 - 2.5 p.m) spectrophotometer with 
reflectance sphere and a Perkin Elmer model 283B IR (2.5 - 50 ^m) spectrophotom- 
eter. These instruments are fully controlled and the data are processed by a 
multi-mainframe computer system, consisting of r Perkin Elmer model 3500 Data 
Station, a HewleLt Packard model HP 9845c color vector graphics minicomputer 
with a .5 Mbyte accessible RAM, an HP 9845B B/W vector graphics minicomputer 
with .2 Mbyte RAM, an HP 3497A Data Acquisition/Control mainfrcune, HP 3437A 
digital system voltmeter, HP 3456A digital voltmeter, and HP 6002A Programmable 
power supply. Peripherals include an HP 9895A flexible disc memory, HP 9874A 
high resolution digitizer, and HP 9872A 4-color plotter. We are currently 
adding a Tektronix 7854 400 MHz digital storage waveform processing 
oscillosccpe interfaced to the computer system and a new Gamma Scientific 
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teiespectroradiometer system, which will initially be used with a pulsed 
UV source. The spectroradiometer will also be used for field measiurements , with 
upgrading planned during Summer 1961 to provide field portability and wavelength 
extension from the current .2 - .8 pm range into the infrared. Working in 
conjunction with the spectroscopy equipment are Orion microprocessor-controlled 
model 611 and mode] 601A pH/Eh meters, which will also be upgraded for field 
geochemistry applications. There is a Perkin Elmer model TSG-2 thermogravi- 
metric system and a Varian Vista 4600 Gas Chromatograph with a VISTA CDS 401 
data station controller. The Laboratory is currently involved in mineral 
and petroleum exploration development applications, based on vegetal stress 
and mineral spectroscopy and field geochemistry techniques, including 
participation in the NASA/GEOSAT Test Site Program. 

Another technology transfer program that is developing as part of the 
remote sensing effort is the Visual Discrimination Laboratory. The VDL 
is studying problems of visual attention and multidimensional display 
and interpretation techniques, using primarily an HP 9845C color vector 
graphics miricomputer equipped with a touch screen digitizer and associated 
peripherals. Problems are being approached by a psychologist who has 
specialized in studies of selective attention and attentional deficits. This 
laboratory has plans to establish a special User Training Facility, developing 
highly reinforcing prograirjned learning software packages which are aimed at 
overcoming current barriers to image processing training. A major emphasis 
will be placed on developing new approaches to training potential users vho have 
stayed away from what they feel to be a ’high-technology skill’ that they 
would not be able to learn. Emphasis will also be placed on developing new 
techniques for creating and interpreting more quantitative multidimensional 
data sets for those users who have stayed away from what they feel to be a 
nonquantitative 'pretty-picture' approach to remote sensing. 

The Univeraity is expanding its curriculum in remote sensing technology, 
applications, and interpretation theory, and it is attempting to develop 
several state and substate cooperative projects in conjunction with NASA 
Goddard/ERRSAC and the New England Innovation Group. We are trying to 
develop and expand cooperative progreuns with the, private sector, primarily 
in the areas of exploratior , data processing, an a user training software 
do'.'elopment, and millimeter wave sensor development. 
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IMPLEMENTATION OF STATEWIDE LANDSAT IMAGE PROCESSING CAPABILITIES 


Robert F. Mills 

Nev Jersey Department of Eaviroimiental Protection 

I'd like to talk about something that is slightly different from what's 
described on the agenda as "a Landsat statewide image processing capability*'* 
Instead » let's consider the general process of how you should go about 
establishing such a thing* Rather than discuss our successes in Nev Jersey » 
%re'll talk more about our mistakes » and how those mistakes might benefit those 
of you who are beginning the development of a state Landsat capability* There 
are enough mistakes to be made in this business that we all ought to economize 
a bit on our mistake budgets* 

Throughout my remarks I'll use an analogy which some people have found 
effective* It's one of comparing remote sensing processing systems to auto- 
mobiles* There are a lot of different ways to categorize the universe » but if 
we break the automotive industry down into a trichotomy » if there is such a 
word 9 one way to stereotype cars is to compare the Pinto approach with the 
Mercedes approach, and in between is what you might call a pickup truck 
approach* In most cases, you don't want the Pinto approach, because the thing 
doesn't cost too much, but it doesn't go very fast either, so you get hit from 
behind and it blows up* On the other hand, maybe you can't afford a Mercedes, 
and despite what they say about European engineering and craf tmanship, 
the thing is so elaborate that it's going to be in the garage most of the 
time, so you don't want to take that approach* What you probably want is the 
pickup truck; S'^mething that will get the job done, and is going to be versa- 
tile and flexible* This is true with regard to hardware, software, and to a 
lesser extent, data* 

In terms of the kind of hardware that you need for a state ^de system, 
the most important factor is the one of cost* Costs in this field are chang- 
ing radically, and will continue to change radically for a while, but there 
are some broad guidelines you can use in deciding what your costs are going to 
be, and what kind of cost is appropriate for what you are trying to do* The 
first thing that you must decide is: do you need image processing capability, 
or are you really producing maps from image data? It is a very significant 
cost difference between the types of hardware that you need to do those two 
kinds of things* If you are a massive regional center, you need pretty 
flexible full po%#er image processing capability; you need an ID IMS type of 
system that can crunch a lot of information through, because you are dealing 
with a lot cf tapes* Most of us don't deal with that kind of data volume, and 
if we get a few tapes a year, it's a lot* What we are generally looking at is 
the map result from that, that is our end product* We may use image process- 
ing techniques to try to see what is going on in the data, to help us get a 
map out, but generally a lot of vs are interested in maps per se, not images* 
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The perfon&ance difference of image processing vs« mapping is going to be 
one of number of colors that the hardmre can handle* If you need to handle 
only mapping » you only need a few colors* If you need image processing 
capability ^ you need a lot more colors* and that translates into certain 
hardware components (chiefly memory) that are going to drive your costs way 
up* 


What are typical costs on these systems today? If you are looking for a 
general image display capability* you are going to pay somewhere in the 
neighborhood of forty to fifty thousand 1981 dollars* That^s not including a 
lot of analysis software along %ilth It* that^s Just the hardware to display 
general imagery in a flexible %iay* If you are talking about strictly display- 
ing mapped information (categorized from the imagery)* then you are looking at 
much lower price levels* Three years ago* we put in a system that can do most 
of the things I^ve seen here this week in terms of map display (not in terms 
of analysis)* for seven thousand dollars* Since then* the prices have come 
down considerably* and today you can get the same type of device* with more 
whistles and bells* for about $3*300* adequate to do color mapping* That 
means more than an order of magnitude cost difference between these two 
approaches* imaging versus mapping. 

Another thing to consider is the trade-off in utility of what you are 
doing* and that^s translated into (a) product quality* how good a product 
you^re going to get* and is it going to be satisfactory for your needs; (b) 
how much staff time you're going to put in to get out a useful product* One 
of those $3*500 units might be adequate to display your data once* but if you 
are located r^otely from a central computer that it relies on* you may wait 
10 or 15 minutes for the display to come up on the screen* That will repeat- 
edly cost you certain amount of staff and computer time* and mistakes* If you 
get something that has a little stand-alone capability* it's going to cost you 
dramatically less to operate than one of the real cheap terminals I mentioned 
above (the Pinto approach that relies on the mainframe for processing)* 

The final point to keep in mind with regard to hardware is flexibility* 
One of the key points I want to make here is with reference to the discussion 
of the DIDS project a few days ago* That whole project was a spin-off from 
image processing technology* and somebody Just deciding that it ought to wrk 
for demographic data* as well* If you plan things right* you can end up with 
a capability that's going to help you a lot with remote sensing imagery* but 
it will also* and very importantly* be of use to you in other contexts* like 
demographic mapping* Getting the attention of your commissioners and gover- 
nors and legislators to that kind of thing could be a key factor in your 
overall successful Implementation of the image processing system* That kind 
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of data can be aore inportant to them directly than iaagea froa Landaat» but 
it aay also help thea to see the Importance of image processing and the 
technology that is associated with it* 

With regard to software » we can again make the analogy %rith cars» espe«- 
dally in the context of flexibility* Everyone seems to take the approach that 
they need to build the brick three-holer outhouse with software* The kind of 
flexibility you gee from designing a complete system like that is desirable» 
but you must consider the cost you are incurring , the cost of maintaining it» 
the length of time it takes to develop ic^ and %diether or not anybody is 
ever going to use all of the flexibility* I am not arguing for a piecemeal or 
organic approach* resulting in things sticking out of a system all over the 
place as needed* but again* unless you are a regional center that needs a 
general flexible capability to support anyone who walks in the door* too much 
flexibility may be a bad thing* You must trade that off with available pro-* 
gramming staff and complexity of operating the system* If your particular 
operating context doesn't allow you to flexibly allow for new programming* 
then perhaps you must get it all done up front* 

The third component of any system to deal with information ir an auto- 
mated form is the data itself: the information that you are processing* Here 
again you are talking about two very different approaches* depending on 
whether you consider image processing only* or geographic information systems* 

With regard to image processing* you really need to be geocorrecting and 
archiving raw data* You don't want to categorize maps from 13 different tapes 
and then try to pull them all together and use that in CIS* You need to 
archive the raw data* because then you have a much more flexible data source 
to operate from* for modeling for example* Going hand in hand with this 
approach is the requirement that yow cross-reference from the start with the 
other data you will be using. Don't make the mistake of creating a huge data 
base* whether it's raw or categorized* and not geo-referencing it to something 
else* The earlier on you do this* the better off you are* If you do it with 
the raw data* for example* you can very easily compare the raw data with 
ground truth* 

With regard to natural resource data in a geographic information system* 
our analogy %rith automobiles breaks down* Spare absolutely no expense to make 
sure you have good data In your system* because the first time a mistake 
appears publicly in that data* your program is going to go right down the 
tubes* Since that kind of approach demands that what you are going to do Is 
going to cost a little money* I would caution you to a question a data assump- 
tion that a lot of us make with regard to natural resource information 
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systttM* Haybtt you don't nood a twonty-layor pnncak* data baaa for your 
antlra state. You may need It for certain laportant regions In the state* but 
you ahould conalder (1) uhat It Is going to cost you to do It* (2) shat real 
returns you are going to get fron uhatever data you put In the systeai and (3) 
what It's going to cost you long tern to capture and aalntaln that data* 
Decide tdiat you really need to get froa the systea* and what key things are 
going to aake that systea successful* before you put data Into It* That aay 
vary a great deal depending on the else of your state* and the kind of Issues 
that you are facing* Our situation in New Jersey Is not a typical one; we 
have a very saall state* land values are extraordinarily high* population 
density is the highest in the U*S* We've had to consider all these factors in 
deciding what data to acquire for our geographic inforaation systea* and what 
kinds of renote sensing data are appropriate to our inage processing systen* 
Those kinds of factors are going sMke all the difference in what data you 
collect and how you are going to use It* 

Finally* the fourth component of any type of system like this Is the 
people involved* You must make sure that the people you are working irlth have 
an environment conducive to productive work* You can't take the typical 
computer data center approach of having a big glass outhouse to show off the 
equipment* then you put in the tape library, keypunches* et cetera* and then 
oh yeah* here's where we can stick the people working on the system* behind 
this pile of cardboard boxes* That's not the way to deal with people with any 
kind of computerised system. It'» certainly not appropriate when what you are 
trying to create is a hybrid man-otachine intelligence* composed of skilled 
people who can interact with machines to help understand our environment. 
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IMPLEMENTATION OF LANDSAT TECHNOLOGY 
IN THE COMMONWEALTH OF VIRGINIA 


Ed Sahaydak 

Connonwealch Data Base Task Force 
Richmond, Virginia 


ABSTRACT 


Virginia Initiated Implementation of Landsat technology under the Commonwealth 
Data iaae on the first day of July 1980. Historical events which led up to 
this implementation will help to explain activities that created the Comnon- 
wealth Data Base (CDB) concept. The CDB concep has enveloped Landsat tech- 
nology into an integrated organization of two components: Virginia Resource 

Information System and the Econometric Model of Virginia. But demonstrations 
of Landsat technology in Virginia were actually the catalyst that created the 
Conmonwealth Data Base concept. 

INTRODUCTION 


This paper describes a brief history of events which led to the formal imple- 
mentation of Landsat technology in Virginia. It also explains the concept 
of the Commonwealth Data Base as it is perceived by the users and the systems 
development task force. Furthermore, it covers the CDB organization which has 
been established to Implement the CDB concept in Virginia. It does not include 
the technical aspects of the systems development for the CDB. 

HISTORY OF CDB AND LANDSAT IMPLEMENTATION 


Separate series of activities evolved in Virginia before the formal organiza- 
tion was established for systems development of the CDB. Those separate 
series of activities were events that evolved into remote sensing applications 
for natural resources, remote sensing demonstration projects in Virginia, and 
econometric modeling of Virginia. 

First, a recapitulation of significant events that led to formal organization 
for remote sensing applications follows. Prior to 1974 there were numerous 
state agencies and universities that cooperated with NASA and other federal 
departmrnts in programs which utilized remote sensing data from Landsat satel- 
lites and aircraft. In early 1974 the Division of State Planning and Community 
Affairs defined a statewide resources information system, but in July of 1976 
a reorganization of the state government discontinued these efforts. Subse- 
quently in 1976 and until 1978 numerous meetings were held to bring remote 
sensing into Virginia, but no single formal organization took place until 
1978. In 1978 the General Assembly created a Joint Subcommittee to study 
development of a Virginia Resource Information System (VARIS). On May 9, 

1978 the Secretary of Commerce and Resources and Warren Hypes of NASA organized 
an Executive Branch Task Force on the Virginia Resources Information System. 
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Second, an objectives listing of remote sensing denonstraticm projects that 
were initiated to transfer remote sensing technology to the Comaonwealth of 
Virginia are as follows: 

Thermal Plume Detection and Quantification - objective was to demonstrate 
remote sensing for routine monitoring of the thermal structure of a large 
section of a river; 

Forest Classification Using Landsat - objective was a Level II forest 
classification of an entire county; 

Coniferous Biomass Assessment - objective was to produce vegetative 
classification inventory especially of coniferous vegetation of a regional 
area by use of Landsat remote sensing; 

W atershed Change Detection - objective is to produce via Landsat a Level I 
land cover map and data for a watershed which is to be combined with soils 
and other descriptive data for predicting threats to water quality; 

Land Use/Land Cover Classifications - objectives are a Level I land cover 
map of two counties, a Level II land cover map of forest and agrlculcure 
classification for selected areas, and an accuracy assessment of Landsat 
classification compared to aircraft remote sensing classifications; 

Mined Land Reclamation Assessment - objective was to produce from Landsat 
data sep.'jrate land cover maps from 1974 and 1978 data on two study areas, 
followed by a change detection map for the two study areas showing land 
cover changes ; 

Integration of Landsat Data and Geo-Based Information System - objective 
was to demonstrate automated integration of Landsat data and other geo- 
based data. 

The third series of activities relating to the CDB and specifically to the 
econometric modeling of Virginia are summarized as follows. On May 2, 1978 
the Commissioner of Taxation submitted a position paper to the Secretary of 
Administration and Finance proposing to build an Econometric Model of Virginia. 
In June 1978 the Cabinet recommended the Econometric Model to the Governor. 

On July 11, 1978 the Governor charged the Secretary of Administration and 
Finance to implement the Econometric Model of Virginia. In July 1978 a task 
force was formed. It completed the study of an econometric model and selected 
a vendor to build a model in November 1979. 

The last significant series of events merged the Econometric Model concept 
and VARIS concept into a single project. These events took place in the 
following chronological sequence. On Decenber 12, 1979 the Secretary of Ad- 
ministration and Finance suggested that the Econometric Model had need for 
resources information and that a single effort of the two concepts be con- 
sidered. In March 1980 the General Assembly approved funds for the Econo- 
metric Model and the VARIS project in the Department of Taxation Budget for 
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the biennium 1980-1982* In May 1980 the Secretary of Administration and Finance 
gave the authority and responsibility to the Conaolssloner of Taxation to proceed 
with the project. On June 2» 1980 the Commonwealth Data Base Task Force was 
organized by the Commissioner of Taxation and given a charter to proceed with 
Phase I (Problem Definition) of systems development for the CDB. 

CDB CONCEPT 


There are two distinct CDB concepts. The users perceive It as a ready source 
of natural resource, economic, and demographic information presented via images, 
graphics, or statistics with some data needs. In contrast, the systems develop- 
ment task force concept is a set of notions which must be an^.lyzed, designed, 
and implemented cohesively to satisfy the users* concept and requirements with 
the dollar and time constraints set by management* 

First, the user concept must be turned into requirements to be met if the CDB 
project is to be successful. The requirements vary among the users. Although 
the users are addressed collectively as a generic user, they must also be 
recognized as three distinct types* These types Include agencies, planning 
district commissions, and localities* Localities are counties and those 
cities which have a separate government from that of the county in which 
they reside. 

The scope of user Informational requirements has been constrained to natural 
resources, economic, and demographics. However, the form in which this in- 
formation will be produced varies from images to statistics, which represent 
measurements of some phenomenon usually over time or in comparison to some 
other recognized phenomenon or artificial intelligence. Likewise, the mediums 
on which the informational requirements are to be delivered to the user include: 
hard copies of statistics, images, graphics, maps, cathode ray tube (CRT) on 
line, or just a magnetic tape for subsequent processing or modeling. 

An additional user requirement is data which include spatial references such 
as Landsat, other remote sensing data, digitized geo-based and geo-political 
data, and also descriptive statistics. Sources of data from Landsat origin 
have been clearly defined, but the other sources are being determined in 
Phase III (Requirements Definition) of the CDB systems development cycle. 

Next, the systems development concept initially consists of numerous and 
distinct notions which must be analyzed and designed into an orderly concept 
based on user requirements, availability of systems technology and/or data, 
plus budgetary and temporal constraints. Each notion will be dealt with 
separately and collectively during the systems development life cycle. A 
formal methodology for this systems development will be utilized. 

This methodology breaks down the CDB systems development process into ten 
distinct phases and within each phase describes the tasks which must be 
completed. At the end of each phase, the facts are compiled, a formal docu- 
ment published of the phase findings and recommendations, and then distributed 
to the user and Steering Committee (SC) for review. After the SC is satisfied 
with the results, a staff copy of the phase document is sent to the Management 


313 



Review Comnittee for approval/diaapprovel. In the neantlne, the task force 
plans for and starts a subsequent phase, while the users and Steering Casadttee 
review the published phase document. 

Within the above concepts, history, and mandate, the Commonwealth has organised 
Itself (CDB Organisation) to acconmodate carrying out the systems development 
life cycle of the COB and to Implement the use of Landsst technology to meet 
the needs of the user. It must be pointed out here that the concept of the 
ustr Is not limited to government but Includes the private sector. 

CDB ORGANIZATION 


Organisation of a task force and a control group initiated the systems develop- 
ment effort of the CDB which Include Landsat technology as an Integral part 
of CDB. Initially, mend>ers assigned to the task force organized all partici- 
pants for systems development and users into a formal organization. Next a 
control group was created to give overall guidance for the project, user rep- 
resentation, and technical assistance to the task force. 

The control group consists of a Management Review Conmittee (MRC) , a Steering 
Cojmlttee (SC) , and Technical Review Group (TRG) . The CDB Task Force provides 
administrative and coordinating support to the committees of this control group. 

The MRC consists of representatives from two cabinet secretaries: the Secre- 

tary of Administration and Finance and the Secretary of Commerce and Resources. 
The chairman of the MRC is the Commissioner of the Department of Taxation. 
Legislative representatives from the House Agriculture, Senate Agriculture, 
and House Appropriations Committees serve in a legislative llalspn capacity 
to the MRC. 

The chartered mission of the MRC is to provide overall project control and 
directions for the CDB project. Some of its specific responsibilities are 
approval/disapproval of all systems development phase documents, initiations 
of the Steering Committee and the Technical Review Group, and also approval/ 
disapproval of contracts with vendors and other state agencies. 

The Steering Conmittee (SC) of the control group consists of user representa- 
tives of all potential CDB users. Like the MRC, the SC has legislative 
liaison members assigned from the staff of the Senate Finance Committee and 
House Appropriations Committee. 

The SC is the primary interface between the task force and users of the CDB. 

An at-large user representative selected by the MRC serves £is the SC chairman. 

In addition, the SC makes recommendations to the MRC for member replacements 
as positions are vacated. Its mission is to represent the CDB user community, 
review all systems development phase documents presented by the CDB task force, 
and present the reviewed phase documents to the MRC for approval. 

The third unit of the control group is the Technical Review Group (TRG) . It 
is the technical assistance group for the CDB project and consists of technical 
experts. In addition to economic, scientific, and systems expertise, legal 
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counsel ie made available by the TRG. Their specific responsibilities include: 
review of all state and vendor proposals from a technical viewpoint, review 
systems development phase documents, review CDB contracts, and provide techni- 
cal consultation whenever required. 

The CDB Task Force is part of the total CDB organisation and Interfaces with 
the control group. It is responsible for staffing each phase of the CDB 
project. CDB Task Force control and appointment of the Task Force mend>ers 
resides with the Department of Taxation. The Commonwealth Tax Commissioner 
appoints members to the Task Force depending upon staffing needs of each 
phase, continuity of the project as a whole, and budgetary constraints. 
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USING LANDS AT TO UPDATE THE SCHOHARIE COUNTY, 
NEW YORK, LAND COVER INVENTORY* 


Paul R. Baumann 

State University of New York College at Oneonta 


ABSTRACT 


This demonstration project examines the utility of Landsat at the county and 
local government level. More precisely, this project deals with the updating of 
the New York State Land Use and Natural Resources (LUNR) maps, valuable planning 
and development tools utilized by county governments. Both the feasibility of 
producing these maps and the transferability of them to the county government 
level are evaluated In this Interim report. The study area Is Schoharie County, 
New York. 

INTRODUCTION 


This demonstration project Is designed to evaluate the utility of operation- 
al applications of Landsat to county and local governments. More specifically, 
this project explores the potential use of Landsat for updating the New York 
State Land Use and Natural Resources maps, valuable planning and development 
tools frequently used by county governments. If successful results are obtained., 
the updated maps m: pave the path for regular use of Landsat technology at the 

county level In New York State. The project centers on Schoharie County which 
Is situated in the Catskills. Work on the project is being conducted principally 
by the Department of Geography, SUNY College at Oneonta. This paper Is an 
Interim report on this project outlining its background, progress, and potential 
success. 

BACKGROUND 


In 1966, the late Governor Nelson Rockefeller directed the New York State 
Office of Planning vloordination to develop a comprehensive land use euid natural 
resource Inventory of the entire state, (ref. 1) This inventory was given the 
acronym, LUNR. Data for the LUNR inventory were based on aerial photography 
taken in 1967 and 1968 of upstate New York and in 1969 and 1970 of Long Island 
and New York City. From these photographs, land uses were mapped on transparent 
film overlays, using the standard U.S. Geological Survey 7h minute quadrangle as 
the base. The land use overlay maps were made at the scale of 1:24000. 


♦Project is being supported by a contract (NAS5-25967) from NASA Eastern 
Regional Remote Sensing Applications Center. 
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Land usa data for Che inventory were divided into two types : area and 

point data. Two overlay maps, one for area and the othet for point datai were 
made to correspond in coverage and scale to each of the 7% minute USG8 maps 
within the state. Area land use maps delineated sill the land within the state 
according to 51 categories, with boundaries defined by use. Point land use maps 
designated by symbol the specific location of 68 different types of land use. 

At the county level, Che area land use maps have proven to be much more usable 
then the point maps because they have provided information not readily available. 
Point information has been easily obtainable from other sources. 

From the information on these maps a computerized geo-data base was ccn- 
structed for the state. The data base was structured on the IMlversal Transverse 
Mercator (UTM) grid with a cell resolution size of one square kilometer or 247.1 
acres. Land use deta were recorded either as a percentage of Che total cell area 
or as the number of occurrences within a cell. TWo computer programs were 
designed to analyze and to display information from the data base. This data 
base has been used primarily at tkie state government level rather than the county 
or local level. At the local government level Che cell size has been too large 
for most applications. Also, the ovie program requires a knowledge of how to 
formulate sophisticated, quantitative models, a subject about which few county 
officials have any familiarity. 

In 1972, the Temporary State Commission to Study the Catskills was estab- 
lished by the state legislature. Chie of the charges of this commission was to 
analyze land use conditions in the seven-county area designated as the Catskills. 
Schoharie County was included as part of the seven-county area. Based on aerial 
photographs taken in 1973, updated LUNR maps were made of the region. Thus, the 
Commission was able to compare the 1968 arid 1973 maps, a five-year interval. 

The geo-data base was not updated. In 1976, the Commission was dissolved with 
no plans for updating LUNR maps in the future. 

Even though many local governments have expressed a desire to have new LUNR 
maps and many state agencies have stated a strong need for an updated geo-data 
base, the high costs of acquiring aerial Imagery for the entire state, of 
interpreting the photography, and of manually drafting the maps and entering 
information into the geo-data base make it Impossible to maintain the LUNR 
system. Consequently, one of the major objectives of this demonstration project 
is to determine the effectiveness of Landsat in updating the LUNR system, in 
particular the maps because of their utility at the county government level. 

In 1975 the Schoharie County Planning and Development Agency and the 
Department of Geography at SUNY College at Oneonta entered into a cooperative 
arrangement called the Schoharie County Cooperative Program (SCCP) . Under this 
program several major projects have been undertaken by the Department of 
Geography for the county. One major project was the development of a county- 
wide automated geographic information system, (ref. 2) This information system 
contains terrain, soil, cultural, and land use data by UTM l/16km^ grid cells. 
Land use data were obtained from the 1973 LUNR maps. This geo-data base Is very 
similar in structure to the LUNR data base but it has a smaller cell size and 
additional variables. Land use Information generated from this demonstration 
project will be used to update the Schoharie County geo-data base making it 
possible to evaluate Landsat for such a task. 
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PROGRESS 


The first step under this project was to select an appropriate Landsat 
scene. Since the LUNR inventories were conducted in 1968 and 1973 • county offi- 
cials expressed a desire to maintain the five-year interval between inventories 
which made it necessary to acquire a 1978 scene. Like much of the Northeast » 
Schoharie County is located in a hilly-mountainous region where considerable 
cloud cover exists throughout most of the year. This condition makes it extreme- 
ly difficult to find a workable scene. A November 2nd scene was selected 
Initially because it was the only cloud-free data set with high quality ratings 
in all four bands. However » at that time of the year the sun angle was low 
creating shadow conditions on west facing slopes and high reflectance areas on 
east facing slopes. A variety of ratioing techniques were employed in an attempt 
to rectify this situation but little success was obtained. In addition, the time 
of year was not the best for detecting agricultural patterns. Later, two other 
scenes were acquired, one for August 22 and the other for September 9. The 
August scene had ratings of "8" in all four bands but some small clouds existed 
in the upland areas of the county. The September scene was cloud free but had 
only average ratings in two bands. At present, work is concentrated mainly on 
the August scene. The small clouds are being cosmetically removed at the classi- 
fication stage. 

After a scene has been selected, the processing stage is started. The 
Department of Geography at SUNY College at Oneonta has developed its own computer 
system for analyzing multispectral data. Known, as the Landsat Analysis Package 
(LAP), the system has been developed by combining a variety of methods employed 
in other systems and by creating some new techniques, (ref. 3) The initial step 
under the LAP system is to destrip and reformat a scene. Frequently, special 
software must be written to remove unusual data irregularities. Once the data 
have been rectified and reorganized, a modified version of the technique known 
as SEARCH is used to create training fields. This technique was originally 
developed by NASA's Earth Resources Laboratory, (ref. 4) SEARCH is unsupervised 
in approach to the extent that training fields are automatically selected but 
the statistics generated are based on the supervised approach. Statistically 
similar training fields are merged to form spectral classes. The spectral 
classes are used in conjunction with the maximum likelihood classification 
technique to classify each pixel within the study area. Each pixel is assigned 
to a spectral class and each spectral class is related to a land cover class. 
Several spectral classes may be grouped together to form one land cover class. 

With this project the difficult task has been to develop land cover classes 
which correspond to the land use classes used under the LUNR inventories. The 
LUNR land use definitions are based mainly on air photo techniques; thus, the 
same techniques are being utilized to assign land cover classes to spectral 
classes. Aerial photographs of selected areas within the county are being used 
to identify land use conditions based on the LUNR definitions. These land use 
patterns are then compared to the spectral classes to determine the land cover 
classes. Surprisingly, the spectral classes generated with the August scene 
have produced good land cover classes in terms of corresponding to the LUNR 
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classes. However, some LUNR classes relate to topographic conditions such as 
hill farm land versus valley farm land. These conditions are not easily differ- 
entiated using Landsat spectral data. To overcome this problem, terrain data 
froa the Schoharie County geo- data base are being smrged with the spectral data 
to fora a seven-channel data set. Hopefully, this new data set will generate 
more divergent spectral classes. Work is presently being done on developing the 
merging techniques. 

Once an acceptable classification has been developed, the subscene covering 
Schoharie County will be geometrically corrected and rescaled to relate to the 
7>f minute USGS quadrangle naps. Employing a digital plotter, land cover Mps 
will be plotted onto a mylar surface. These maps will be slsdlar to the LUMR 
maps in appearance. Mylar, a durable mapping surface, is a transparent film 
making it possible to overlay the land cover maps on the county's topographic 
and soil maps. This overlay ability will allow county officials to note spatial 
relationships between terrain, soil, and land cover. Also, the mylar will peradt 
.ixcellent blue print copies of the land cover maps to be suide. The blue print 
copies will be used as work maps for a variety of purposes. These land cover 
maps will be different from the LUNR maps in two ways. First, due to the sise 
and shape of the pixels the land cover patterns on the naps will be block-lih<«. 
in appearance. Second, because point data are impossible to detect with the 
Landsat resolution, only area data are being classified and mapped. Consequent- 
ly, one land cover map will be developed tor each 7% minute USGS quad rather 
than two maps which was the case under the LUNR inventories. The elimination of 
the point data maps is not perceived as a major problem. As previously indi- 
cated, the county government officials are much more interested in the area land 
use Information than point Information. 

POTENTIAL SUCCESS 


A considerable amount of effort has been directed towards transferring 
Landsat technology to state and multi-state governments. Such effort is only 
now beginning to appear with respect to local governments. No question exists 
about the need for up-to-date land use Information by local governments. The 
real questions are: "Can Landsat fulfill this need?" and if so, "How can this 

technology be transferred to a local government?" The products generated under 
this project will help answer the firsw question. The second question, however, 
will be harder to answer since transferability will be determined more by 
financial and human considerations than by technical results. 

Except for urban fringe areas most large cities have up-to-date geo-data 
bases which can be used to create more accurate and better detailed land use 
maps than can be produced from existing Landsat systems. Landsat's greatest 
potential at the local government level is In tb" rural areas where large tracks 
of homogeneous leind use exist and where spectral data truly reflect actual land 
cover rather than indicate it by inference. Although Landsat has much to offer 
rural, local governments, a couple of major issues must be examined before 
measuring the success of the technology transfer. 

First, limited financial and human resources at the local government level 
make it difficult to Install and maintain the needed syscems to analyze and 
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display Landsat imagery. True, the costs of hardware and software are decreas- 
ing, and low-cost computer systems designed specifically for analyzing Landsat 
data are being developed. However, a five or ten thousand dollar investment is 
.^tlll a larf?> conmitment for a rural, county government and most low-cost systems 
are built jn the black box concept of allowing a user to put data in and get new 
data out never to explain how the data are analyzed in the box. In additior 
to acquiring a system the local government faces the pri^lem of hiring a remote 
sensing specialist and of keeping this person trained in this rapidly changing 
field. Such costs are not feasible for most local governments. 

Thus, to utilize Landsat technology, iw>st county governments will find it 
necessary to obtain outside help. Such help can come from several sources. One 
source might be a state agency which has developed the required remote sensing 
capabilities. Local and state agencies might work together but frequently such 
relationships are antagonistic. Often these strained relationships exist because 
local governments are forced to meet regulations mandated by the state govern- 
n^ent. Many times the regulations relate to the utilization of rural land. Also, 
state agencies generally must view issues from a larger scale than local agencies 
resulting at times in regulations considered irrelevant at a county level. In 
fact, many rural local governments might not ever collect land use data if such 

data were not required for various state and federal programs. Another source 

of remote sensing assistance for local governments would be the universities. 
However, large universities usually emphasize research over public service work 
and small universities commonly do not possess the resources to perform the work. 
Finally, a local government might pay a private company to do the work. This 
option is oftentimes too expensive for a local government. Each of these sources 
of remote sensing help has certain benefits and certain liabilities from the 
local government’s perspective. Each local government needs to have the option 
of selecting the help it wants and no state or federal model should be imposed. 

In this demonstration project the county and the college have a long and 
good working relationship. Products generated through this relationship under 
various projects have been reviewed by three other counties in the region and 
these counties are now exploring ways to have similar products produced for 

them. Hopefully, this diffusion process will involve the land j-^e maps created 

under this project. Also, Schoharie County is considering updating its land 
use Inventory ^gain in 1983 based on the success of Landsat D and D’ . Conse- 
quently, the potential success of transferring this technology looks good as 
long as success is measured by the use of Landsat and not by the installation 
of sophisticated systems to analyze the data. 

A second issue related to technology trf.nsfer deals with getting local 
government officials and decision makers to accept the idea that multispectral 
data from a satellite can be used to determine accurately land cover conditions. 
In terms of the traditional aerial photo interpretation methods, many people 
can look at an aerial photograph and Inherently grasp how land use information 
might be extrapolated from it. However, such inherent understanding generally 
does not exist with satellite multispectral data especially when used in con- 
junction with sophisticated computer and quantitative techniques. People are 
curious and mystified by all the Buck Rogers type technology but they .ire not 
sure if they trust the results from It. Understanding and appreciating this 



Issue is very iaportant to the success of transferring Lendsst technology to the 
local govemaent level. In rural countiea aany of the officials and decision 
nakers are people of the land. Thus, they are reluctant about asking any 
decisions concerning the land based on technology tihich they do not fully under- 
stand, especially decisions relating to land evaluation, and thereby, possible 
control and taxation. Since aany of the decisions which they aur.t aake relate 
to state, and federal regulations, they are particularly skeptical about utilising 
any new, unknown technology. They already view aany of the state and federal 
regulations as benefitting the urban areas at the expense of the rural land. In 
one respect they perceive theaselves in an ongoing struggl.s %d.th the forces of 
urbanisati>a, and coaputers and satellites are considered weapons produced by 
the urban landscape. Thus, one ausc be sensitive to these feelings when trying 
to introduce Landsat technology into the decision-saking main of the rural 
environaent. 

In tersa of this deaonstration project, the cotxity planner and pemonnel 
froa his office have been given several one-dsy courses on how sultispectral 
data am analysed and satellite iaagery is obtained. The purpose of these 
coumes is not to sake maote sensing specialists or even general analysts out 
of these people but to provide then with a level of understanding so that they 
am coafortable with products generated using Landsat technology and are able to 
recognise both the assets and liabilities of the systea. These individuals will 
becoae a huaan interface between the specialists at the college and other local 
govemaent officials. Both the planner and the assistant planner have faras in 
the county asking them people of the land. Local officials and decision aakers 
am aom likely to use products cmated by Landsat if they sense that soae of 
their own people have some understanding about it. Specialists, especially 
those fruB a university environment, will be viewed frequently as outsiders, and 
although they would receive due consideration by a town soning board or the 
county board of representatives for their effort In cmating land cover maps, 
their products may see little actual use. The approach outlined here for intro- 
ducing Landsat technology at the county govemaent level has worked well in the 
past on other projects between the college and the county and appears to be 
working successfully on this project. Only time will determine how successful 
this approach has been. 

SUMMARY 


Tl'tls interim report has described the background, progress, and potential 
success of this local government demonstration project. This project is attempt- 
ing, with a new technology, to continue an existing land inventory, a difficult 
task. The land cover maps and the county geo-data base should be updated by the 
end of the year. The potential success of this project will be determined by 
how the generated products are accepted and used. Although at this time a high 
probability of a successful project exists, only tine, as previously stated, will 
determine the overall success of the project. 
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THE EVALUATION OF ALTERNATE METHODOLOGIES FOR LAND COVER 
CLASSIFICATION IN AM URBANIZING AREA 

Robert M. SmekofskI 
Land Management Information Center 
Minnesota State Planning Agency 


ASSTRASI 

The lUnncsota State Planning Agency (MSPA) is interested in the 
usefulness of Landsat in classifying land cover and in identifying and 
classifying land use change. A pilot study was undertaken using an 
urbanizing area as the study area. The question of what was ttie best 
technique for classification became a primary focus of the study. The 
study, a cooperative effort between EROS Data Center, the University of 
Minnesota, and MSPA, evaluated the many computer-assisted techniques 
available to analyze Landsat data. Techniques of statistical training 
(polygons from CRT, unsupervised clustering, polygons from digitizer 
and binary masks) v.'ere tested with minimum distance to the mean, 
maximum likelihood and canonical analysis with minimum distance to the 
moan classifiers. The twelve output images were compared to photo 
interpreted samples, ground verified samples and the current land use 
data base at MSPA. .Results of this study indicate that for a 
reconnaissance inventory, the unsupervised training with canonical 
analysis-minirrum distance classifier is the most efficient. If more 
detailod ground truth and ground verification is available, the 
polygons from the digitizer training with the canonical analysis 
minimi',.-, distance is more accurate. 


IMTRODUCTIQII 

BACKGROUMO 


A major concern in testing various techniques of classifying land 
cover Lsinq Landsat data was to evaluate what importance Landsat data 
could have in the updating of land use/cover information in the 
Minesota Land Management Information System (MLMIS). ML’'!IS is a part 
of the Minnesota State Planning Agency’s. Land Management Information 
Center (LMIC). The system was developed in an attempt to centralize 
and analyze data on Minnesota’s resources. It is both a depository of 
geographical ly-basod information and a compu+er analysis system. 

MLMIS data include cultural, resource and political boundary 
information. Information is stored on computer files by 40-acre parcel 
for every parcel in the state. It is organized by region, county, and 
township and can be accessed for mapping or statistical analysis. 
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Th« MINIS land usa/covar data varlabla was producad using 
Intarpratatlon of high-altitude photography of tha stata obtained In 
the spring of 1966 and 1969. For each 40-acra data cell a 
determination was made of tha dominant land use within tha call. Tha 
nine classes of land use ware chosen so interpreters could datarmina 
land use from aerial photos, consulting a minimum of other data 
sources. 

The updating of these data Is desirable for a number of reasons. 
Most Important is the need for more current data. Data resolution Is 
also a concern. For many studies the 40-acre resolution Is too crude 
and a smaller cell size of accurate data Is necessary. This 
consideration, coupled with LMIC*s recent acquisition of new hardware 
and software providing polygon data capture capabilities. Is a strong 
incentive to update these data at a resolution smaller than 40-acre 
parcel. The costs of recording land use/cover data for an entire state 
using aerial photo Interpretation Is prohibitive and alternatives need 
to be explored. 


OBJECTIVES 

With the need to update the MINIS, and the availability of Landsat 
computer-compatible tape (CCT) data, a study was initiated to assess 
current methods of training and use of pattern recognition (classifi- 
cation) algorithms. 

Four methods of training set selection were used in this study: 

(1) Supervised polygon selection on a CRT 

(2) Unsupervised clustering 

(3) Polygons digitized from interpretations of color infrared 
aerial photography 

(4) Binary masks developed from MLMIS land use data. 

The results of the four training methods were used as input to 
three classification techniques: 

(1) Minimum distance to the mean 

(2) Maximum likelihood 

(3) Minimum distance to the mean after canonical transformation 

This resulted In twelve different land covor classifications which 
are studied in this analysis. 
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STUDY AREA 


A study area exhibiting suburban and exurban growth 
characteristics was chosen because of the State Planning Agency's 
desire to assess methods for monitoring urban growth. They are 
contained within four USDS 7.5-mlnute quadrangles— Centerv 1 1 le» Hugo, 
White Bear East, and White Bear West. These quadrangles cover the 
northeast suburban portion of the Twin Cities, with White Bear Lake 
approximately in the center of the area. 

Within the study area boundaries there is a transition from an 
older high density suburban area to rural farmland. Included in this 
spectrum Is new and expanding suburban and exurban growth on the 
fringes of the urbanized area of the Twin Cities. Especially in this 
northeastern section of the Twin Cities metropolitan area, the distance 
between the various stages of urban development is at a minimum. The 
study area contains numerous lakes, wetlands, and forested areas. The 
variety of land cover in this area offered the chance to assess the 
practicality and/or difficulty of using Landsat digital data to 
classify the various land cover types. 

The subscene representing this study area was selected from the 
latest available data at the time of the study which was a scene of May 
24, 1979. The subscene was destriped and registered to a SOmeter 
Universal Transverse Mercator (UTM) grid using a cubic convolution 
resampling technique. 


TECHNIQUES 

The training set selection and the application of their statistics 
to various classification algorithms was done at the EROS Data Center 
using the Interactive Digital Image Manipulation System (IDIMS). 

Training set data collection was done primarily by staff from the 
Remote Sensing Laboratory at the University of Minnesota's College of 
Forestry and MSPA staff. The col lection of training set information 
and the classifications were completed In the autumn of 1979. 


TRAINING SET SELECTION 

Four methods of statistical training of classifiers were used: 
supervised polygon selection from CRT screen, unsupervised clustering, 
air photo-based supervised/c luster training, and training from the 
existing MLMIS land cover data base. The coincidence of base 
Information and Landsat scene data is not ideal. The color infrared 
photography used dates from 1977; the MLMIS land use/cover data Is 
based on 1969 aerial photography, and the field observations were done 
In autumn of 1979. 
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Supervised Polvoon Selection From CRT Screen 

Polygons were selected on a color CRT from enlarged subscenes by 
an analyst familiar with remote sensing but not the study area. 
Reference was made to 7.5-mlnute quadrangles to assist in the selection 
of areas of the desired classes. The polygons were not made so small 
as to be homogeneous training fields but were of a size to contain five 
to ten spectral classes of land cover within the designated land use. 
Several polygons for each land use were selected. A clustering 
algorithm was run on pixels within the polygons which resulted In one 
file of 43 clusters after the deletion of clusters which overlapped. 

Unsupervlsed Clustering 

Unsupervised clustering was done on the study area subscene. The 
clustering algorithm grouped the data Into 64 clusters which were 
consolidated using a separability algorithm to 60 clusters. 


Air Photo-Based Supervised/C luster Training 

Polygons were entered by digitizing from 1:24,000 scale color 
Infrared aerial photographs which had been Interpreted by analysts 
familiar with the area and who had done some field verification. The 
polygons were used as masks of the data and clustering was done with 
the same parameters as the previous techniques. Sixty cluster groups 
resulted from this process. 


Training From Existing MLM IS Laad Uas-Bata 

Data were extracted from the multlspectral information by creating 
binary masks for each land use class from the existing MLMIS digital 
land use data. These data had been converted from an original 40-acre 
grid to the 50-meter cells used In this study. The resulting masked 
data were then clustered with the same parameters as the previous 
techniques. The Initial results of 238 clusters were consolidated to 
58. 


In all of the above training set selection techniques, except the 
unsupervlsed technique, there are varying degrees of gaps in spectral 
space between clusters and, when compared in two dimensions, 
considerable overlap of clusters. 


CLASSIFICATION ALGORITHMS 

The training set clusters extracted by the four techniques were 
applied to the data by three different classification algorithms, 
minimum distance to the mean, maximum likelihood, and canonical 
transformation with minimum distance to the mean. 
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Minimum Distance to the Mean 

This algorithm Is the "simplest” of the three used In terms of 
complexity and speed of processing. The mu 1 1 1 spectra I vector of the 
data is tested against the mean vector in the training statistics and 
assigns the pixel to the cluster which is at a minimum distance. A 
threshold using a maximum distance parameter is employed to exclude 
from classification pixels which are not within a reasonable distance 
of the moan. The same distance threshold was used for the application 
of the minimum distance to mean classifier with each training 
technique. 


Maximum Like 1 1 hood 

The maximum likelihood classifier computes a likelihood value for 
each pixel based on the mean and covariance of each cluster and 
assign? the pixel to the cluster which has the maximum likelihood 
value. A threshold value of five percent was used for the four 
Interpretations of the algorithm. 


tormatiiaD With Minimum Distance to tte Mean 


This technique uses a linear transformation of the data to make 
the minimum distance classifier more accurate. A canonical analysis 
transformation employs the technique of rotating the axisfes) of a 
spectral group(s) to Increase the separability of clusters while 
mirlmizing the differences occurring within each cluster. Canonical 
analysis transformation can allow for classification with fewer bands, 
but this was not done In this study. 


CLUSTER ASSIGNMENTS 

Following the classification by the three algorithms the resulting 
clusters were grouped to approximate as closely as possible MLMIS land 
use classes. This grouping was done on the CRT with the assistance of 
maps, aerial photographs and knowledge of the area. Because the 
Landsat classification yielded land cover classifications and MLMIS 
data are a combination of land use and land cover, these groupings were 
not in direct correlation. Residential areas with a relatively high 
density of trees had to be assigned to the forested category to avoid 
the confusion of classifying forested areas as residential. One of the 
reasons this problem arose In all of the classifications was the date 
of the Image. By late May trees had more leaves than would be 
desirable for a Landsat land cover classification. The decision to use 
such a late date was governed by the problem of procuring a cloud free 
image for spring of that year. 
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COMPARISON OF ACCURACY OF THE CLASSIFICATIONS 

The determination of accuracy In a Landsat classification Is 
always difficult and care was taken to verify by a number of different 
means. These included comparison with MLMIS land use/cover data, 
comparison with photo- Interpreted reference data, and comparison with 
ground verification points. In all of these cases the verification 
information was put into the same 50-meter UTM registration as the 
Image allowing the use of automated contingency tables. 


MLMIS DATA FOR VERIFICATION 

There exists in MLMIS a land use/ 1 and cover variable which records 
a dominant land use for every 40-acre parcel in Minnesota. The primary 
information source was 1:90,000 scale black and white air photos. The 
nine land use/cover classes are: 

Forested 

Cultivated 

Water 

Marsh 

Urban Residential 
Extract i ve 
Pasture and Open 

Urban Non-Residential or Mixed Residential 
Transportation 

The Landsat classification was matched to seven of the nine 
classes. The excluded classes were transportation and extractive uses 
because these uses cover such small areas. 

The results of the contingency table comparisons with the MLMIS 
data and the twelve classifications are shown in Table 1. The average 
agreement of all categories ranged from approximately 23J to 30j. The 
relatively low correlation can partially be explained by the comparison 
of 40-acre data to 50-meter cell Information. The correlations between 
water and forest were the highest ( 80 %) and the urban category 
correlation the lowest (approximately 10-15)1). The range In accuracy 
among the various land cover classes was found to be approximately the 
same no matter which classification scheme was used. 


330 


Table 1 


Accuracy of Techniques Compared with M.HIS Data 
(values in percent agreement) 


Classification Method 




Minimum 

Maximum 

Canonical Analysis 



Dlstancfl 

Likelihood With Minimum Distance 

Training 

Superv 1 sed 

26.7 

23.0 

29.7 

Set 





Selection 

Unsuperv i sed 

26.6 

27.9 

28.0 


Digitized polygons 




from air photos 

27.9 

26.4 

30.4 


Binary Masks from 




MLMIS Data 

26.6 

26.4 

26.4 


To eliminate the problem of comparing SOnneter cells to 4(Hacre 
data In SO-meter format, an attempt was made to reclassify the SO^neter 
data to an equivalent of 40‘acre resolution by use of a smoothing 
operation which uses a most-populousomember technique. A window of 7 
lines by 7 rows was run through the classified image and the majority 
value found In the window was assigned to the center cell. The 
comparison of the smoothed classification to MLMIS data is shown In 
Table 2 and the Improvement in correlation can be seen. 


331 



Table 2 


Accuracy of Techniques (after smoothing program) Compared with MLMIS Data 

(values in percent agreement) 


Classification Method 


Minimum Maximum Canonical Analysis 

Distance LUtol Ihocd lilth. Minimum. Distance 


Training 

Superv i sed 

33.4 

21.6 

34.4 

Set 

Selection 

Unsupervised 

32.6 

32.3 

31.7 


Digitized poiygons 
from air photos 

33.6 

33.1 

34.0 


Binary Masks from 
MLMIS Data 

31.4 

31.7 

30.1 
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AIR PHOTO DATA FOR VERIFICATION 


Color infrared aerial photography was flown for the Twin Cities 
area in July and August of 1977 in support of wetlands mapping. The 
photos are at a scale of 1:24,000 and six scenes covering approximately 
30% of the study area were selected for analysis. These were photo- 
interpreted into 18 land cover classes which were later put into the 
nine land use/ cover categories. A minimum mapping unit of one acre was 
used in the determination of classes on the aerial photo polygons. 
Table 3 shows the comparison of the classifications to the aerial photo 
polygons. 


Table 3 

Accuracy of Techniques Compared with Photo Interpreted Data 
(values in percent agreement) 


Class] f teat I on Method 




Mini mum 

Maximum 

Canonical Analysis 



m,alance 

LJKel.JJlO.Od with Minimum Distance 

Training 

Supervised 

28.9 

25.3 

34.1 

Set 





Selection 

Unsupervtsed 

33.0 

32.3 

33.0 


Digitized polygons 




from air photos 

33.6 

31.7 

37.6 


Binary Masks from 




MLMIS Data 

31 .3 

31.1 

32.3 
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OBSERVATIONS ON AOCURACY VERIFICATION 


The use of a variety of Infonaatlon sources for accuracy 
verification produces some differences In the results of the 
contingency tables. More Inportant than the differences in the 
percentage of agreeeent between the verification and classification 
data is the sinilarity In the rankings In each of the tables. 
Comparison was also done by using 30 ground points randomly selected 
within the seven classification classes. Accuracy verification using 
these points produced similar rankings as the other verifications. 

Besides the use of quantitative methods for accuracy verification 
there was also visual assessment of the classifications by MSPA staff. 
The advantage of visual assessment Is that certain key features of 
special concern can be checked to see if they have been co'rectly 
classified. Visual assessment was done Initially using the color CRT 
at EROS Data Center, with color and black/white hard copy, and later on 
a color CRT at the LMIC. The rankings of agreement from contingency 
tables did not differ appreciably from the judgements of visual 
assessment. 


conclusions 

USEFULNESS OF LANOSAT aASSIFiCATIONS 

The usefulness of landsat data for the updating of MLMIS land 
use/ I and co«'er data is dependent on the land cover types desired from a 
classificati n. 

Tne primary interest of the MSPA in Landsat cover analysis was the 
classification of low density urban development. This was the category 
Judged to contain more confusion with other cover types when visual 
assessment of the classifications was done by MSPA staff. This is due 
partly to the date of the image being used and also to the nature of 
urban development In the Twin Cities suburban area. The low density of 
the development makes confusion with pasture/opun land cover a problem. 
The late spring date of the Image makes It difficult, if not 
impossible to separate forest areas from forested residential areas. 
Confusion also occurs between low density development and pasture and 
open land. The pasture land in the study area (and in much of 
Minnesota) tends not to be homogeneous but a very mixed area of brush, 
grasses, bare soil, and trees. This combination appears to cause very 
similar spectral responses to areas of known low density residential 
development. 

Agricultural lands had to be divided initially into bare ground 
(tilled) and cultivated (already green) categories. When these were 
combined later into one category, confusion resulted between the bare 
ground agriculture and lands being cleared for construction. The 
agricultural lands already green tended to be confused with land uses 
associated with the urban setting •• parks, golf courses. and 
cemeteries. 
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Utfilzing the MINIS analysis capabilities can help in 
differentiating cover types In areas with siallar spectral signatures. 
Oonversion of the Landsat classification to MINIS data fortaat and 
resaaplingof MLMiS 40«acre resolution data to SOnaeter resolution 
enables the analyst to ccnpare Landsat classifications. An exanpie of 
this process Is the coaparison of MINIS public ownership data with a 
land cover classification to separate "green” agricultural lands froa 
parks. The modifications can be carried out by coaputer using a 
aultivariate conversion process. 


ADVANTAGE OF aASSIFICATION TECHNIQUES 

The aaount of personnel tiae involved In using the various 
training set selection aethods varies greatly. The aaount of ccaputw* 
processing tIae needed for computation of the three classification 
algorithms also varies. 

The least personnel time was used in the unsupervised training set 
selection process because the analyst has only to assign the clusters 
to the final land cover categories. The clusters resulting from 
unsupervised training set selection appear to be superior to most other 
me'Htods because of the lack of overlap and large distances between 
spectral clusters. The only drawback appears to be that of alssing 
unique <‘'ectrai classes which represent certain cover types. This 
problem «.an be alleviated by adding analyst-chosen training sets to the 
clusters selected by unsupervised aachine training. The method of 
using polygons digitized from interpreted air photos consumed the most 
personnel time. The photo Interpretation took 12 hours and the 
digitizing added an equal amount of tiae. The advantage in using this 
nwthod was that it produced superior training sets. It is recommended 
that the Investment of tiae be made only if the ground verification 
information is of high quality such as the 1:24.000 scale color 
infrared photography used In this study. 

The coaputer processing tiae for the three different algorithms 
varied greatly but was not affected by the training method used. The 
maximum likelihood classifications took about three times as much 
processing time as the minimum distance and canonical transformation 
with minimum distance classifying algorithms. 

The best combination of accuracy, personnel time, and computer 
processing rime seemed to be reached when the canonical transformation 
(with minimum distance algorithm) classifier was used with unsupervised 
training sets. The difference In results and accuracy between the 
unsuperv I se** and the air photo training sets was net great enough to 
outweigh the savings in human and computer facility resources. 
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REMOTE SENSING IN THE COASTAL ZONE - A PERSPECTIVE 

Peter Comlllon 
University of Rhode Island 


This presentation Is an attenpt to put soae of the problesM associated with 
remote sensing of the coastal zone In perspective. The conclusion which I draw 
from these arguments is that at least for the foreseeable future remote sensing 
of the coastal region will be more appropriately performed with aircraft. There 
will be, of course, exceptions to the following discussions, hence to the conclu- 
sions, cases for which satellites are more appropriate. 

The problems alluded to above shall be Introduced by reviewing the dif- 
ferences between remote sensing of terrestrial regions and remote sensing of open 
ocean areas. First we present briefly the electromagnetic spectrum (fdlgure 1). 
The important regions to consider are the visible portion .5-. 7 um, the near 
infrared portion .8-1.5 um, the thermal Infrared portion 9 to 12 ym and the 
microwave portion 1 mm to 10 m. These are, of course, approximate ranges. 

Figure 2 shows the visible to thermal IR portion in greater detail. 

With this brief background we shall now look at some scales associated with 
phenomena of interest in the terrestrial and oceanographic regions. In figure 3 
several typical examples are given of quantities of interest in the two regions 
along with the associated range of time scales. One immediately observes in this 
figure the relatively slower rate of change of terrestrial features as compared 
to oceanographic ones. In the oceans the time scales of Interest range from 
hours to hundreds of hours while on land they range from tens of hours to 
thousands of hours. Next consider the spatial scales of interest. From figure 4 
it is apparent that in general terrestrial scales are sn«llar, tens of meters to 
kilometers, than those of the ocean, . kilometers to hundreds of kilometers. 

Figure 5 compares the spectral and radiometric resolution of the two regions. 

The columns under the heading of "spectral" list the wavelength parameters of 
Interest. The first column Is for visible light, the second, near infrared, the 
third, thermal infrared and the fourth, microwave. It becomes immediately 
apparent that in both the oceans and on land the visible and the microwave 
regions are of interest. The difference appears in the near Infrared and the 
thermal infrared. The latter is of great importance for the oceans while the 
former is critical for vegetation on land. The column under the heading 
"reflectance" applies to the visible portion of the spectrum. Reflectance from 
terrestrial regions is about an order of magnitude larger than for the oceans. 
This means that a sensor sensitive to the oceans saturates over land while one 
sensitive to terrestrial parameters secs little or no variability in the oceans. 

Figures 3 to 5 are summarized in figure 6. From this list it becomes 
apparent why the Multispectral Scanner (MSS) of Landsat is designed with 80- 
meter resolution as compared to the 800-meter resolution of the Coastal Zsne 
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Color Scanner (CZCS) on Niobus-7. It is also clear why the CZCS Is so such nore 
sensitive than the MSS and why Landsat gives repeat coverage once every 18 days 
as conpared to the near dally coverage of Niobus-7* 

With this In mind we now consider the coastal zone. First the spatial 
scales of Interest are in general closer to the terrestrial scales discussed 
above, while the tloe scales are closer to the oceanographic ones (aaybe even 
sonewhat shorter) . The required spectral and radlooetric sensitivity is also 
■uch closer to that requir^ of the ocean than the land, when considering the wet 
part of the coastal zone, the reflectivity being approximately that of the open 
ocean. 

At this time there is no satellite that meets these requirements and none is 
planned. Airborne sensors do exist and tailor-made missions can be flo%m to 
satisfy many or most of the scale constraints listed above. Finally, it nist be 
stressed that these argumente are quite gaic^ral in nature and therefore certainly 
do not encompass all possible scenarios. They do, however, apply in zK>st cases, 
and must be kept in mind when approaching a problem dealing with remote sensing 
of the coastal region. 
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LAKE CLASSIFICATION IN VERMONT 

Virginia Garrison and Nancy Bryant 
Venoont Department of Water Resources 


ABSTRACT 


Section 314 of the Federal Clean Water Act requires each state to classify 
all of the publicly owned freshwater lakes in the State according to trophic 
state. In order to comply with this Act and, In so doing, develop a procedure to 
periodically update the classification, the State of Vermont evaluated the abil* 
ity of Landsat to detect general water quality and specific water quality param- 
eters In Vermont lakes. Unsupervised and supervised classifications as well as 
regression analyses were used to examine Landsat data from Lake Chcmplsln and 
from four small nearby lakes. Unsupervised and supervised classifications were 
found to be of somewhat limited value. Regression analyses revealed a. good cor- 
relation between depth-integrated total phosphorus concentrations and Landsat 
Band 4 data (r^ ■> 0.92) and between Secchl disk transparencies and Landsat Band 
4 data (r^ « 0.85). No correlation was found between depth-incegrated chloro- 
phyll-a samples and Landsat data. Vermont is now expanding this Landsat evalua- 
tion to Include the remaining lakes In the state greater than twenty acres and 
steps are being taken to Incorporate Landsat Into the state's ongoing water 
quality monitoring programs. 


INTRODUCTION 


In Decenl>er 1978, the Vermont Department of Water ^sources received a grant 
from the U.S. Environmental Protection Agency, In part, to classify lakes in the 
state greater than twenty acres according to trophic state. At that time, exist- 
ing manpower and equipment resources were Insufficient to allow the Department to 
collect water samples from each of the lakes involved, and therefore a more eco- 
nomically feasible alternative was sought. Preliminary information gathered 
from studies conducted in other states (1,2) indicated that Landsat could be used 
In Vermont's Lake Classification Program. Landsat had th'' added advantage of 
providing a means by which trophic classifications could be updated periodically 
without requiring massive field sampling programs. 

The decision was made to test the ability of Landsat to detect water quality 
In Vermont lakes by using the single Landsat scene that encompasses all of Lake 
Champlain and several smaller lakes In the western part of the state (scene 
15/29). The water quality of the lakes In this scene Is representative of the 
range of lake water quality found In Vermont. A suitable flyover of scene 15/29 
was obtained on July 21, 1979, and surface truth (water quality data) was col- 
lected through Vermont's Volunteer Lay Monitoring i'rogram and other existing 
Department sampling programs. The U.S. Environmental Protection Agency's En- 
vironmental Monitoring Systems Laboratory in Las Vegas, Nevada (EMSL-LV) was 
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contracted to perform three methods of analysis of the Landsat data - an ur.super- 
vised classification; a supervised classification; and regression analyses of sur- 
face truth and Landsat data (Figure 1). 


UNSUPERVISED CLASSIFICATION 


The Environmental Honitoting Systems Laboratory used the classifier SEARCH/ 
HLR431, a clustering and maximum likelihood procedure » to initially classify the 
Landsat scene. The nine water classes that were distinguished through this ap- 
proach could be grouped and related to clear water, turbid water, and water con- 
taining detectable amounts of chlorophyll. The unsupervised classification thus 
provided soxua general qualitative water quality information on the lakes in the 
scene without requiring a large amount of surface truth data. General knowledge 
of the water bodies was sufficient to interpret the classification. However, no 
quantitative water quality parameter values could be assigned to the classes due 
to the general nature of the classification. No attempt was made to determine 
whether some type of Trophic State Index would correlate with the nine classes. 


SUPERVISED CLASSIFICATION 


The next approach to the data analysis was a supervised classification using 
the MAXL4 classifier. Twenty-three sampling sites on Lake Champlaic and one site 
c i each of four smaller lakes were used as training sites for the classification. 
The resulting classified image was very helpful in the Department's evaluation 
of monitoring coverage of Lake Champlain and nearby lakes. However, again no 
quantitative parameter values could be assigned to the water classes since the 
clc.ssification was based on training sites characterized by a variety of water 
quality parameters and not based on a single water quality parameter. The De- 
partment has used the classified image to determine which sampling sites on the 
lakes are repetitive and therefore can be eliminated, and where n^ sites are 
needea (unclassified areas on the image indicate that the water quality in those 
area^ is unlike that found at any existing sampling site). In addition, as new 
lakes are brought into sampling programs, the number and location of sampling 
sites on these lakes are chosen on the basis of information obtained from tne 
supervisea classified image. 


REGRESSION ANAL YSES 

At this point in the evaluation of the Landsat scene, the State of Vermont 
and EMSL-LV requested the assistance of the Eastern Regional Remote Sensing Ap- 
plication Center (ERRSAC) in Greenbelt, Maryland, in developing a procedure 
whereby Landsat data could b^"* correlated quantitatively with certain water qual- 
ity paramef such as Secchi disk transparency, total phosphorus concentration 
and chlorophyll-a concentration. Twenty-six c*‘ the sampling sites used in the 
supervised clasr ^ f ; cacion were used in this procedure. Landrat data (MSS values 
for Bands 4, S anj 6) were extracted from the area around the sampling sites on 
the tape, converted to radiance values and compared to water quality data col- 
lected at the sites near the * Ime of the flyover, within one week of July 21, 1979 
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(Table 1). ERRSAC then performed regression analyses to determine whether corre- 
lations existed between the Landsat data and the water quality sampling data. A 
good logarithmic correlation was found between Secchi disk transparencies and 
Band 4 radiance values (Figure 2): 

(radiance) * 0.52 - 0.07 In (Secchi disk transparenisy) ; r^ * 0.85. 

A good linear correlation was found between depth- integrated total phosphorus 
concentrations and Band 4 radiance values (Figure 3): 

(tadiance ) - 0.31 + 0.008 (total phosphorus); r^ * 0.92. 

No correlation was found between Landsat data and depth- integrated chlorophyil-a 
concentrations, apparently due to the fact that Landsat sensors can only detect 
near-surface chlorophyll. The chlorophyll-a samples used for ground truth were 
collected by means of a hose lowered to a depth of twice the Secchi disk trans- 
parency. 

Following the regression analyses, radiance values were assigned to ranges 
in total phosphorus concentrations, and Secchi disk transparencies and maps of 
the lakes were developed which depicted these ranges in water quality data. 

These maps have been helpful in characterizing the water quality of Lake Champlain 
in areas %rhere no sampling sites exist and the Information obtained from the maps 
has been used in several Department progvams* 


FUTUR E INVESTIGATIONS 

Tne results of Vermont’s initial test of Landsat's ability to detect lake 
water quality has encouraged the state to continue working with Landsat to moni- 
tor lake water quality* EMSL-LV is presently analyzing Landsat data from two 
scenes taken over Vermort on July 14, 1980 (scenes 14/29 and 14/30) in order to 
determine the water quality of the remaining lakes in the State greater than 
twenty acres. In addition, preliminary steps are now being taken to develop a 
process through which Landsat information can be used on a frequent basis to 
monitcr water quality in Vermont. Water quality data for ground truth, specifically 
Secchi disk transparency, total phosphorus and chlorophyll-a, will be collected 
through Vermont’s Volunteer Lay Monitoring Program. Attempts to correlate 
Landsat radiance values with surface chlorophyll-a concentrations will begin in 
1981. The major problem now facing Vermont’s use of Landsat to periodically 
monitor lake water quality is the scarcity of relatively cloud-free flyovers 
over the state during the open-water season, April to November. 
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Figure 1. Procedures for Determining Water Quality Using Landsat 
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Table 1 - LAKE CHAMPLAIN SURFACE WATFR QUALITY AND LANDSAT DATA 

July 14, 1979 

Surface Truth Radiance (MW/c°^"sr) 


Station No. 

(m) 

Secchi 


(>ig/l) 
T-Phos . 

4' 

5’ 

6' 

02 

0.1 

7.2 

39 

. 646 

408 

.233 

03 

0.4 

9.2 

36 

.646 

.402 

.221 

05 

4.5 

4.2 

8 

.386 

.201 

.138 

06/11 

4.1 

6.0 

9.5 

.370 

. 201 

.138 

10 

5.0 

3.4 

5 

.376 

.194 

.135 

9 

5.5 

4.0 

8.5 

. 376 

.201 

.135 

07/8 

5.5 

3.1 

8 

. 390 

. 211 

.135 

08 

5.7 

4.4 


. 390 

.218 

.146 

1 

5.5 

3.6 

15 

. 390 

.207 

. 1 ' 5 

7 

6.0 

4.0 

6.5 

. 380 

.214 

.144 

09 

4.5 

2.1 


. 390 

.225 

.150 

10/6 

6.0 

3.9 

4.5 

.370 

. 201 

.138 

11/3 

5.3 

4 . 6 

7 

. 370 

.214 

.144 

5 

7.5 

6.5 

16 

.400 

.225 

.150 


7.0 



. 396 

.225 

. 150 

21 

4.5 



.430 

.178 

.161 

14 

5.5 

3.6 


.436 

.178 

.161 

15 

3.0 



.420 

.167 

. 152 

16 

5.0 



.400 

.214 

. 144 

17 

3.0 

3.9 

15 

.436 

. 19] 

.173 

18 

6.0 

4.0 

9 

.420 

.181 

.164 

19 

5.5 

2.2 


.440 

. 187 

. 169 

20 

2.8 

3r4 

20 

.444 

. 197 

.177 

Carml 

1.1 

24. 


.490 

.221 

.198 

I roquols 

3.0 

6.0 


.446 

.20 7 

. 187 

Fairfield 

2.5 

16. 

— 

. 506 

.258 

.230 



n-26 

n-22 

n-15 
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PROCBDUEES FOR AHALTSIS OF SPATIAL 
RELATIONSHIPS ANOHG SHIP 
SURTBT DATA AND SEA 
SURFACE TEMPERATURE 


Joseph K. Berry end John R. Sailor 
Tale University 

School of Forestry and Environaental Studies 


ABSTRACT 


Renote sensing and conputer-assisted nap analysis techniques 
hold pronise for providing nany of the capabilities needed for 
effective oceanographic research and nanagenent. The expansive 
spatial nature of nost oceanographic issues nakes then 
particularly appropriate for these nev techniques. However^ 
contenporary nethods of analysis of ship survey data rarely 
involve a rigoroue consideration of spatial factors other than the 
sinple spatial distributions assuned by traditional statistical 
techniques. In addition this historical approach severely Units 
the integrated use of renotely sensed data. This paper describes 
a study designed to establish a United spatial data base for the 
U.S. eastern seaboard vicinity and to demonstrate computer- 
assisted analysis techniques for investigating spatial patterns 
and relationships anong ship survey data and renotely sensed sea 
surface tenperature. Ship survey variables included 
concentrations of tvo zooplankton, two icthyoplankton , and two 
fish species, in addition to physical data of depth to botton and 
surface and bottom water cenperatures . Continuous spatial 
distributions of these data were created by both weighted nearest 
neighbor and iterative smoothing interpolation techniques. Maps 
of surface water tenperature were created by digitizing GOES 
satellite inages. All napped data were spatially registered by 
conversion of latitude and longitude coordinates to rotated 
Lambert conic conformal rectilinear coordinates and stored in grid 
fornat of approximately one hundred square ki? neters per cell. 

The analysis of these data include the generation of statistical 
summaries and naps describing the joint occurrence anong 
variables . 


INTRODUCTION 


Advances in remote sensing techniques are providing researchers 
with data on oceanographic variables in continuous distributions 
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over large areas. To be aost useful* these data will have to be 
used in concert with the ship survey ■easurenents that have and 
will continue to be taken in oceanographic studies. Coaputer- 
aaaisted asp analysis techniques hold proaiae for linking reaotely 
and proziaally sensed oceanographic data and for extending 
existing capabilities for analysing the spatial relationships 
aaong these aeasureaents • 

Prior to analysis* geocoded data aust be put in a form that 
allows comparison and manipulation at a common scale and 
projection. If a geographic information system is to be used* the 
data aust be in a coaputer-*coapatible form. The objectives of 
this study were to establish a limited spatial data base for the 
eastern seaboard vicinity and to demonstrate the use of computer- 
assisted map analysis techniques for investigating spatial 
patterns and relationships aaong ship survey data and surface 
water temperature data. 


BSTABLISHIHG THE SPATIAL DATA BASE 


Creation of a spatial data base involves three steps: encoding 
and editing the data; registering the data by performing scale and 
projection manipulation; and* where necessary* creating continuous 
spatial distributions from point aeasureaents. Data for this 
study were provided by the National Marine Fisheries Service* 
Northeast Fisheries Center. Ship survey measurements of eleven 
variables were provided on cards and magnetic tape. These 
included surface chlorophyll concentration* Calanus so abundance* 
Centropaxes sp abundance* Aamodvtes sp abundance, Tellowtail 
weight* Tellowtail number* Haddock weight* Haddock number* surface 
teaperature* bottom temperature* and depth to bottom. A total of 
540 stations were included in the data* but not all parameters 
were measured at each station. Latitude and longitude coordinates 
were provided either directly or through a station identifier. 
These data were placed in a coamon format in an online disk 
dataset* for further processing. 


Registration of the v'ata was performed using a Lambert confc 
conformal projection. For this study* all ship survey data were 
spatially registered by conversion of recorded latitude and 
longitude coordinates to rotated Lambert conic conformal 
rectilinear coordinates and stored in grid format of approximately 
one hundred square kilometers per cell. Figure 1 schematically 
identifies the steps in this process. 


Remote sensing data of 
two GOFd satellite images 


sea 

A 


surface teaperature were provided 
zooa transfer scope was used to 


by 
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optically register the imagery to a coiiputer-generated plot of 
converted latitude and longitude coordinates and to transcribe the 
thermal delineations. These images were rendered into computer- 
compatible form using an electronic digitising tablet. Land areas 
vere encoded from a map in a similar fashion. 


CRBATIHG COHTIMOOUS SPATIAL DISTRIBDTIOHS 


In order to compare the spatial relationships with remotely 
sensed sea surface temperature data, continuous spatial 
distributions derived from the sea survey data are required. 

Without such distributions, no further spatial insight is gained 
in the analysis than would be available if the data vere compared 
in a scalar fashion. There are two approaches to generating 
continuous spatial distributions from point stations: map 
interpolation, and map generalization. 

Interpolation refers to a process similar to that used in 
simple bivariate statistics involving the estimation of values in 
continuous or even spacings from unevenly spaced data. In 
interpolation, no functional form is assumed by the analyst. 
Examples of this process in map analysis are nearest neighbor 
interpolation, weighted distance interpolation, and iterative 
smoothing interpolation. 

In contrast, map generalization refers to the expression of map 
values using a mathematical function. In this process the analyst 
imposes a functional form upon the observations, and the entire 
map is expressed based on thi.. mathematical relationship. 

Examples of map generalization are surface fitting techniques such 
as trend analysis of Fourier series or harmonic regression (Basset 
1972) . 

Figure 2 illustrates the concepts of interpolation and 
generalization techniques used in this study. Iterative smoothing 
interpolation involves scanning a map with a "roving window.'' that 
gives the cell at the center of the "window" the average of all 
stations occurring within the radius of the ''window.'' In this way, 
the technique is analogous to a spatial moving average. By 
performing this technique over the map several times in 
succession, a smooth surface is generated. Nearest neighbor 
interpolation gives any point on the map the value of the nearest 
station measurement. Weighted distance interpolation is similar 
to the nearest neighbor technique; however. It gives each point on 
the map a value based on the distance weighted average of a 
specified number of the nearest stations (Davis 1973). 
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Id the mep generelisetion technique of trend surface analysis, 
polynoBisl surfaces of specified degrees are fitted to spatial 
data using regression techniques (Daris 1973). Trend surface 
analysis is used to separate regional "trends" eabodied in the 
polynoaial surface fitted to the data, for local anoaolies. The 
anoaolies are found as areas with high residuals, where the 
observation differs widely froa the trend surfsce value at that 
point. Trend surface analysis has soae aethodologicsl 
considerations to which the user should be alert. First, it is 
not often possible to know what functional fora a aapped variable 
should take. Thus, in aany cases, the fora iaposed on the data is 
arbitrary. Also the density, distribution, and degree of 
clustering of the data points have a pronounced effect on the 
results of the regression. 


RESULTS AMD DISCPSSIOM 


A« a aeans of coaparing the techniques of aap interpolation and 
aap generalisation, four techniques were perforaed on the data for 
the Tellowtail. A aap of the raw data stations is shown in Figure 
3a. Figure 3b illustrates the result of using the iterative 
saoothing process on the Tellowtail nuaber data. A "saoother" 
surface would have been obtained with further iterations of the 
process. Figure 3c shows the nearest neighbor interpolation of 
the saae point data, while Figure 3d shows the weighted average 
interpolation. The trend surface aaps in Figure 4 illustrate the 
iaposition of aathenatical relationships on the Tellowtail data. 
Both a first order (plane) and second order surface were fitted to 
the data. 

All interpolations are estiaations of the true spatial 
distribution of a variable. Therefore, no one of the techniques 
can be said to be consistently aore accurate than any others. 
However, generalizations can be aade about the resulting 
distributions and their effect on subsequent ana!lyses. The 
iterative saoothing technique tends to result in syaaetrical 
Citterns resulting froa the scanning "window" of constant radius. 
*ne nearest neighbor technique creates "islands" of constant value 
which aay be intuitively troubling with well aired paraaeters as 
are found in oceanography. The weighted distance aethod creates 
the aost intuively pleasing surfaces. Because each cell is 
derived froa the distance weighted average of several nearby 
stations, it aay wake use of the spatial relationships in the data 
to the greatest degree. However, the process does tend to average 
out saall scale variability. 
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The plane trend suirface la obviously a gross overslspliilcation 
of the data. Xevertheless , it illustrates a decreasing trend in 
Tellovtail number to the south. The second order trend surface ie 
■ore sophisticated. Bowever* it is clearly influenced by the 
linear sampling pattern of the data stations. This is especially 
true at the edges of the map » where extreme trend surface values 
are found in areas vhere no sampling occurred. These effects are 
documented in the structural geology literature where trend 
surface analysis has been widely used (Davis 1973). 

For the demonstrations reported in this paper, weighted 
distance interpolation was used for all maps. With a complete 
data base a broad range of analytical operations are possible using 
the Map Analysis Package (MAP) software system recently developed 
at Tale (Tomlin, in preparation). Four major classes of 
fundamental map operations can be identified. These involve 
reclassifying map categories, overlaying maps, measuring 
cartographic distances, and characterising cartographic 
neighborhoods. Each of these classes has several primitive 
operations. By logically organising these primitive operations, 
the basis for a generalised cartographic modeling structure can be 
formed which accommodates a variety of complex applications (Tomlin 
and Berry 1979). 


SPATIAL RELATIONSHIPS 


As a means of demonstrating the use of the geocoded data base 
to link prozimally sensed data with remotely sensed data, analyses 
were performed on the surface chlorophyll data and the GOES 
temperature data. First, an overlay process was used to extract 
the GOES temperature value for certain stations (Figure 5a). A 
cartographic distance operation was used to find those stations 
within the vicinity of Georges Bank. The resulting map was then 
used in an overlay process to find the GOES temperature value for 
each of these stations. 

Second, a map of joint coincidence of GOES thermal data and 
interpolated surface chlorophyll concentrations was prepared 
(Figure 5b). This map was generated by assigning a unique 
thematic value to selected combinations of the categories of both 
maps. For this example, the combining was designed such that the 
map locates combinations of lover surface temperatures and higher 
chlorophyll concentrations. In addition, statistical summaries of 
the joint occurrence of these same data can be prepared (Table 1). 
The upper portion of tbe table contains **cross-tab*' information on 
the simple and weighted frequency of joint coincidence. The lover 
portion reports the "spatial overlap" between the two maps. The 
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"lOOX overlap" for the lead categories of both aapa iaplies 
perfect spatial coincidence» as would be expected. The "27.53Z 
overlap" (101-200 mg/n3 and 5-9 degrees Centigrade) indicates only 
a small spatial coincidence. 

Complicated modeling procedures can be performed on both the 
prozimally sensed and remotely sensed data using the computerised 
data base created in this study. This process was demonstrated by 
creating a cartographic model to estimate the spatial aspects of 
energy transfer efficiency in the Georges Bank ecosystem. 
Simplifying assumptions were made that the standing crop of 
primary producers and herbivores was equivalent to production. 

Maps of surface cnlorophyll and Calanus an . were multiplied by 
their respective factors to create naps of primary and secondary 
standing carbon. The maps were then overlaid to determine the 
herbivore transfer efficiency. The resulting map of energy 
transfer efficiency was compared to the remotely sensed nap of 
surface temperature. A cross tabulation indicated that the more 
efficient energy transfer occurred in the 5-8 degrees Centigrade 
range (Table 2). Further refinement of both the data and the 
analytical technique are required to use this result for research 
purposes. However^ the process clearly dasonstrates the utility 
of computerized spatial analysis in complicated oceanographic 
questions . 


CONCLUSION 


This study was designed to demonstrate the more important 
considerations of establishing a spatial data base and the 
potential analysis of that data. Geographic information 
processing facilitates both mapping and map analysis. Once in a 
computerized form, the spatial relationships among and within maps 
can be readily assessed. Maps that identify joint coincidence, 
relative distances, and summary statistics can be generated. 
Extended analyses for describing flows or e..changes within 
oceanographic systems can be acconplished by developing 
cartographic models. The capabilities of geographic information 
processing are well suited to providing the link between 
prozimally sensed ship survey d«ta and remotely sensed data. 

The study illustrates the important considerations for spatial 
analysis of oceanographic data and linking prozimally and remotely 
sensed ocean measurements in spatial analyses. With further 
development, these techniques hold potential for enabling more 
effective oceanographic research. 
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PUrJECTlON rotated 

rectilinear 

PLOT 

PIQURE 1« (HXaUFHIC RSQSNCINQ SYSTEM. Latltude/Longltude coordinates 
of both ship survey and Inage data are first converted to coordinates of 
a Lantert conls confonaal projection. These coordinates are then con ve rted 
to rectilinear X, Y coordinates iddch In turn are rotated to express the 
naxliMn rectangular sea surface area along the Eastern coast. 




raOURE P. APPHDXIMATiON OP OOMTIMKXJS SPATIAL DISnUHfnONS. Three 
^Undament^ approaches to create continuous spatial distribution Include 
nearest nelgTix>r, Iterative anoothlng and polynondal surface fitting. 
Nearest neighbor routl .es asslgi a value to an unsaqoled area baaed on 
its neeuest neighboring neasured point (or weighted average of several 
nel^ters). Iterative anoothlng averages values within a "roving window" 
that Is successively seamed across the nap. Polynondal surface fitting 
determines Interpolated vsdues from a "best-fitted" mathematical sui*face 
that Is prescribed by the user. 
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wmm 3. SPAim DUSRPOIA'IKOR CF ship SURVEX msk, insert Ca) locate; 
S3paiFvey Bwawranatifc poiirtisj Insert (b) Is an iteratlvelsf smoothed 
mssp of wratoers of fellowtail; Inesert (c) Is a weep based on rwresfc 
nelgRtor Interpolation! insert (d) Is a asp baused on the wl^ited awrage 



(a) 
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(b) 



™»R£ ™d surface FiTTINQ OF SHIP SURVEY DATA. liisert (a) shows a 
nm polynoiBlal mirface (plane) fit of the majber of Yellowtall 

data. Insert (b) la a second degree surface fit. 
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In^rt (a) assies satellite rneasia-ed t«iperature values to 
each ship survey statlwi wlthJLn Georges Bam, 'ftk' map was created by first 
Idaatlfylng stations within Georges Bank vicinity, then assiming satellite 
temperature values to these locaticna. Note the relatively varraer stations at 
the lower rl.ght portion as would be esspected. :in»rt (b) identifies areas of 
low surface tarperature and hipdt chlorophyll concent rat lonu. this nap was 
created by comparing a satellite tenperature fnap aM a surface chloiphyll nap. 
Note the soraewhat unlqiw joint vx-xnirrem;x' off tM coast of New Jersey. 
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TAfiI£ 1. SURFACE CHLOROPIffUi OQICBfIKATION BY SURFACE IStPStAlUffi 
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TABl£ 2, TRANSFBl EFFICIENCY BY SURFACE ISfPSMTURE 
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CHITTENDEN COUNTY, VERMONT 
LAND COVER PROJECT 


Dennis E. Malloy 
Vermont State Planning Office 


ABSTRACT 


Vermont needs the kind of data on its natural resource base and development 
trends that Landsat has the potential to provide. This paper describes the 
testing of Landsat applicability to urban and agricultural land use analysis 
at the substate level. It finds that the Landsat system has a place in Vermont 
and places like it, but that the present operation is Inadequate and the need 
for technology transfer and excellent communication between the producers and 
users is fundamental to the future of the system and for the realization of 
benefit from the investment. 


INTRODUCTION 


This project was initiated in June 1979 to determine whether Landsat 
data are useful in detecting urban and agricultural land use patterns in 
Vermont. Further, we wished to find out how well Landsat can assist us in 
detecting change in these categories over time. We focused the study on 
Chittenden County, Vermont for two reasons. First, it contains the City of 
Burlington and its suburbs, which comprise the fastest growing, as well as 
the largest urban area in Vermont. 

Second, the County also has great diversity. It is on the shore of Lake 
Champlain, contains significant agricultural activity in the lowlands of the 
lake basin, extensive forest resources in the uplands and considerable 
variation in terrain as the county extends from the Lake to the main ridge of 
the Green Mountains. We are concerned about the retention of our agricultural 
and forest resources, and about the rate and course of urban development in 
Vermont. Landsat is a tool that we wished to evaluate in relation to these 
concerns, and felt that we had a test for it that was typical of not only 
Vermont, but much of New England in terms of difficulty: small, diverse land 

use patterns, steep terrain and lots of clouds. 

This project was undertaken by the Vermont State Planning Office, with the 
assistance of the Chittenden County Regional Planning Commission and the 
invaluable support of the staff at NASA’s Eastern Regional Remote Sensing 
Application Center (ERRSAC) at Goddard Space Flight Center, The project is not 
completed and this represents a progress report. 
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PROJECT SCOPE AND STRATEGY 


This project was designed jointly by the staffs of the Vermont State 
Planning Office and ERRSAC. Our strategy was to obtain Landsat Images of 
Chittenden County with less than 10 percent cloud cover from several seasons 
In the early 1970* s and similar coverage from the late 1970* s. 

We then Intended to determine which scene In each year provided the 
best delineation of urban land cover and which the best delineation of 
agricultural land, and compare the scenes from the early 1970* s with those 
from the late 1970's to evaluate Landsat's utility for detecting land use 
change In Vermont. 

We first reviewed Landsat scenes of Vermont and found that an October 
1974 scene was the only usable Image from the early 1970* s. We selected 
Landsat data sets from May 6, August 22, and November 2, 1978 as representative 
of the late 1970' s. 

After selecting these scenes, we obtained ground truth for 1974 and 1978 
through the Chittenden County Regional Planning Comnlsslon, using 1974 black 
and white photography, late 1977 color Infrared Imagery and the Regional 
Commission's own thorough knowledge of the area. We collected this ground 
truth for each of the Anderson^ Level II land use/land cover classes that 
were likely to be found in Vermont. 


METHODOLOGY 


Our first processing step was to determine which of the three 1978 Landsat 
data sets would provide the best urban and agricultural classifications. We 
extracted a 512 by 512 pixel subset covering the city of Burlington and the 
surrounding area for the May, August and November dates. We then developed an 
unsupervised classification of each subset using the IDIMS program ISOCLS, at 
Goddard. 

Using this clustering program, 25 spectral classes were derived from the 
August data set, 25 from the May data set and 6 from the November data set. 

We then analyzed the spectral classes for each date to determine the proper 
land cover classification using the predetenrined ground truth and high- 
altltude color infrared photography (scale • 1:80,000) over the study area, 
that we had in hand. 
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After we determined the land cover type for each spectral class, we 
color-coded them and displayed the results on the CRT screen. Color polarolds 
were made for each date and these products were enlarged by a factor of three 
for easier Interpretation by Vermont personnel. The ERRSAC staff sent these 
Initial products to the Vermont State Planning Office to be used for accuracy 
assessment by Chittenden County Regional Planning Commission staff and 
municipal officials. 

It was readily apparent after this analysis that the August 1978 Landsat 
data provided the best data set for this analysis. The November data set was 
too late In the season. Hardwood trees had lost their leaves. Pasture and 
grass/open land had lost the characteristically green color of the growing 
season and consisted of dead or dying vegetation. Thus the reflectance 
response was not appreciably different for several different land covers and 
therefore not separable. The November data also resulted In a lower sun angle 
which caused more of a shadow effect In the mountainous terrain of this region 
and would have presented a problem in classifying these areas. 

The May scene was taken before vegetation was fully vibrant and after 
many agricultural fields had been plowed. This resulted In Insufficient 
distinction between some types of agricultural land uses but, more important. 

It caused mixed radiant classes containing plowed fields, some urban land uses 
and areas under construction. With further analysis and more discrete ground 
truth. Imagery from this time of year could be quite useful In monitoring 
agricultural and urban activity. 

The next step was to analyze the August data to determine mlsclasslflcatlon 
and pinpoint problem classes. The analysis of the spectral classes yielded both 
a predominantly Industrial category as well as a predominantly commercial 
category. The residential class, because of Its heterogeneity, did not break 
out as well. Three spectral classes were defined as residential but also 
classified other areas such as the airport. Initially two of the residential 
classes were defined as older and newer residential as a result of ground truth 
knowledge of state personnel. 

Another problem that occurred was the mlsclasslflcatlon of some agricultural 
fields along the river as forested. To help Improve this classification several 
training fields were selected In these fields. The signatures from these 
fields were added to the original spectral signatures derived from the 
unsupervised approach, and the data were reclassified. The classification was 
Chen rechecked for accuracy. Two of the five training fields were eliminated 
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as unacceptable but three were retained* These signatures added to the 
accuracy of the agricultural areas. 


EVALUATION OF CLASSIFICATION ACCURACY 


ERRSAC provided enlarged polarold products from the corrected classification 
of the August data set which the State Planning Office staff evaluated for 
classification accuracy with substantial assistance from the regional planning 
commission. To do so, a common grid reference system was applied to both the 
August Landsat classification and a mosaic of the color infrared photography. 
Grid-cell size was approximately 25 acres. The planning commission then 
randomly selected 30% of the grid-cells for the Town of Colchester and compared 
the actual land use/land cover with the Landsat classification. The analysis 
that they did was essential in preparing us to make final corrections to the 
classif icat ion. 

On returning to Goddard, Vermont State Planning Office and ERRSAC 
personnel examined the cells that appeared to be misclassif ied. These cells 
were then located on the 1:80,000 color infrared photography and on the 
Landsat data displayed and enlarged on the CRT screen. After examining some 
of these misclassif ied cells it was discovered that most discrepancies were 
the result of typical problems encountered in Landsat classification. Some 
areas in the wetland areas classified as either agriculture/open or as forested. 
The August data were taken during a time of low water and drier conditions 
which resulted in this classification. Because this was an urban land cover 
project, the agriculture/forest/wetland misclassif ication was not of primary 
consideration and was not dealt with. (The May 1978 data set taken at a time 
of higher water level in the wetlands discriminated the wetland class very 
well.) Landsat geometric distortion, color IR photographic distortion, and 
grid reference inaccuracy accounted for many of the differences. 

After analysis of misclassif ied cells, all of the 28 spectral classes were 
again reanalyzed and reinterpreted to determine the most accurate land cover 
class. The original analysis of the classes was upheld although the 
categorization of the land cover classes was altered to more closely 
represent the actual cover types the satellite was imaging rather than more 
arbitrary urban classes. For example, previously we had defined class 18 as 
older residential and class 22 as newer residential. On further examination 
we found that both classes were probably medium density residential with the 
difference that one class had fewer trees and wider spaces than the other 
residential class. These classes could have been combined but we felt that 
keeping them separate could provide useful information for planners since 
one of the classes defined certain subdivisions and neighborhoods. 


370 



Tlie Industrial category consisting of classes 10 and 25 was changed to 
Industrlal/conmerclal because these classes, In fact, contained some commercial 
land uses. Along the same lines,, the commercial category was more accurately 
defined as coinnercial/resldentlal since some high density residential was 
Included. 

Because of some of the problems in the earlier classification, the 
agricultural fields along the Winooski River were checked very closely. In 
general the classification was good, although a few small areas In two of these 
fields classified as forest. The reason for this has not been determined. 
Perhaps dark or wet soil or bare spots In these corn fields might have caused 
the problem. 


PROGRESS TO DATE 


We are now at the point of presenting this corrected and rectified 
classification to regional planning and municipal officials for a final 
critique. This is but a fli.st step. I suspect that there is a little room 
for further refinement in the classification of urban land cover. There is 
certainly room for further analysis of the agricultural land classes. 

Beyond that, the next step should be a similar analysis of the 197A 
image and an attempt at change detection. I will make no prediction of the 
degree of success that this effort will bring. 


RESULTS AND CONCLUSIONS 


Results are only Intermediate at present. We may be typical of a state 
that is making its first foray into Landsat. We have learned much, but it has 
taken time. We have relied heavily on the staff of the Eastern Regional 
Remote Sensing Applications Center (ERRSAC) at Goddard Space Flight Center. 
Without their assistance this project would not have happened, a useful 
application of Landsat would have been missed or deferred, and we would be 
the poorer for it. 

The present Landsat system has serious shortcomings for state or substate 
applications in Vermont and similar places. Frequency of coverage with a one- 
satellite system is totally Inadequate, when cloud cover and other atmospheric 
Interference is taken into consideration. 

Still, Landsat data are valuable to us fo). several applications, as part 
of a cohesive geographic information system that should emerge here in the 
next several years. To see this realized in an efficient manner, we need a 
continuation of the kind of support that we have received from the NASA 
regional applications center. We need the technical support as both 
personnel and systems change and we need the continued communication among the 
producers and users throughout the country. 
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IBE WIVERSITt OF VERNQHT BEMOTB SB^IMG CENTER 


Gary S. Salth 
University of Veraont 
School of Natural Resources 


ABSTRACT 


The University of Vemont'a Reaote Sensing Applicatloos Prograa Is a NASA 
funded center that has been in existence since June 1978. Systea capabilities 
include digital iaage processing and conventional photographic interpretation. 
Its expressed purpose is the identification of practical applications of 
reaotely sensed data and its encouraged use in earth resource aanageaent. 


BACKGROUND AND OBJECTIVES 


The Reaote Sensing Applications Prograa at the University of Veraont was 
established in June 1978. Its creation was aade possible by a grant (NSG 7453) 
from The National Aeronautics and Space Adalnistratlon* s Office of University 
Affairs. The initial funding covered a period of three years. Subsequent 
funding froa NASA has been awarded throu^ May 1984. 

The expressed purpose of the Reswte Sensing Applications Prograa is to 
investigate and encourage the practical application of remotely sensed data 
to a variety of earth resource problesa. The primary objectives have been: 

1. To test and evalu^..e the jq>pllcabllity of resK>te sensing 
technology to the solution of specific problems faced by 
resource managers and decision makers at the local, town, 
county and state levels. 

2. To identify mechanisms and implement procedures for the 
transfer ol applicable technology to appropriate user 
groups and for user groups to transmit needs to indi- 
viduals competent in remote sensing technology. 

3. To enhance the comprehensive education and r.''aearch 
programs of the University of Vermont t.y the presence 
of resident expertise in remote sensing technology 

and the development and acquisition of this technology. 
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filSClISSION 


At the inception of the project, reaote sensing capsbllltles at the School 
were limited to traditional photographic Interpretation techniques. With the 
grant from NASA, the opportunity to expand into digital image processing was 
realized. Initial evaluation of available software packages, capable of 
processing digital data, such as Landsat were identified. Ultimately, the 
ORSER software package developed at the Pennsylvania State ttilversity was 
selected for installation on the University of Vermont's IBM 3031 computer. 

This decision was based on the program's cospatibility with existing computer 
equipment coupled with the fact that it could be purchased at a reasonable 
price. 

To assure the rapid installation of the software package, the School 
retained the services of the principal programmer for ORSER at Penn State. 

This consultant, working with local personnel, was able to bring up about 80 
percent of the ORSER package in four days. The raaainlng programs were mote 
specialized in nature, and the decision was made to incorporate then as needed. 

As the local user connunity became familiar with the capcbilities of the 
ORSER programs, modifications were made in the programs to suit local needs. 

One particular time-saving addition was the interfacing of the School's 
digitizer with the "SUBOUND" program. This allows the user to directly input 
line and pixel elements, defining the boundary of an irregularly shaped area. 
This has proven to be of considerable value in the analysis of lake and river 
watersheds. 

Use of Vermont's ORSER installation has not been limited to individuals 
associated with the University. The system is currently being accessed 
remotely by the State's Department of Forests and Parks and the Departstent 
of Water Resources. 

In addition to the development of a digital image processing capability, 
steps have been underta'cen to Improve the photographic interpretation capa- 
bilities within the School. This was considered vital to the overall success 
of the program, since several of the projects undertaken were not appro- 
priate for Landsat data alone. These Improved capabilities Include the 
addition of two Bausch and Lomb Stereo Zoom Transfer Scopes and two Bausch 
and Lomb Stereo Interpretation Systems. 

One major project undertaken by the program has been the creation of a 
remote sensing information system containing descriptive information on all 
aerial Imagery recorded over the State of Vermont. An exhaustive search of 
all possible sources revealed that over 200 separate photo missions have been 
conducted over the state. Initial plans had called for the publication of 
these data in a booklet format. The data will now be entered into the com- 
puter so that they can be selectively withdrawn to meet specific user require- 
ments. This format will also allow the staff to maintain and distribute a 
current listing of all available photography at all times. Upon receipt of 
an inquiry, a search will be made through the computer files to identify all 
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suitable iaagery. Coverage can be requested by a specific tovn, c<Mmty or for 
the entire state. Additional constraints » such as flla type, scale or range 
of scales, year and season can be placed on the sea. ii. For exasple, an 
individual could request all of the coverage recorded over Burlington between 
1953 and 1957 utilizing black and whxte panchroutlc film at a nominal scale 
of 1:20,000. At the couplet it n of the search, a listing of all available 
photography will be sent to the requester. Included with this list will be 
information explaining how to obtain copies of the photography and who currently 
holds exaa^les of it in the state. 

To notify all potential users of the existence of the data bank, a bri*»f 
pamphlet is being prepared describing the system. Because many cf the poten- 
tial users have had little experience in the use of remotely sensed data, a 
brief discussion of remote sensing, photo scale, film types and suggested uses 
for the imagery is included. This material was added with the intent of 
attracting new users, such as tom officials, to the idea of using remotely 
sensed data. 

In addition to faculty involvement, the Remote Sensing Applications 
Program currently employs two full-time salaried personnel, specifically 
trained in remote sensing techniques* Additional hourly employees are added 
as project needs dictate. The program has also assisted several graduate stu- 
dents with their research work. To date the program has been involved in 
fifteen separate projects addressing such topics as cover-type mapping, water 
quality analysis, forest insect defoliation and land-use change ^Ulalysis. 

Data sources have included satellite imagery, aircraft multispectral scanner 
tapes and conventional aerial pliotography. Other data sources expected to 
see use in the near future are digitized aerial photos and the digital RBV data. 

To aid in technology transfer the Remote Sensing Applications Program 
has conducted a series of one-day short courses designed to acquaint state 
personnel with the capabilities of color infrared photography and Landsat 
digital data analysis. In addition to numerous tours and demonstrations 
staff members have been called upon to make numerous presentations both with- 
in and outside Vermont. 

Future plans of The School of Natural Resources call for the creation of 
a total information center, designed around a geographic information system or 
GIS, The school is currently awaiting delivery of a Digital Equipment Cor- 
poration's VAX 11/750 minicomputer that will house this system. This machine 
will also house an image processing system. It is the intent of the school 
to interface the capabilities of the CIS with the features of the image 
processing system. 


CONCLUSION 


During the nearly three-year existence of the Remote Sensing Applications 
Program all three major objectives have been actively addressed. The success 
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of the prograa is due to severs! fscton. The first and aost obvious Is the 
continued funding froa NASA. Other contributing factors include the strong 
support of the Unlmrslty of Veraont* the invaluable assistance of ER8SAC 
personnel and an excellent working relationship between the prograa and state 
govemaent officials. We would welcoae the opportunity to share our experiences 
tilth other organJcatlons and to learn froa their developaents. 
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THE MICHIGAN DATA NEEDS QUESTIONNAIRE* 


Richard Hill-Rovley 
Center for Reaote Sensing 
Michigan State University 
East Lansing, Michigan 


ABSTRACT 


The Michigan Resource Inventory Act (Public Act 204, 1979) is currently 
being iapleaented by the Division of Land Resource Prograas, Michigan Department 
of Natural Resources. Provisions of the Act include the establishment of an In- 
ventory Advisory Coaailttee, the development of a current use Inventory, assem- 
bling a land resource inventory and establishing a technical assistance program. 
The data needs questionnaire is an eleaient in the project design study for the 
Act and is aimed at gathering information on %ihat Inventory Information is re- 
quired by land use planners throughout the state. Analysis of questionnaire re- 
sponses is still in progress; hovever, some information on current use cate- 
gories has already been tabulated. The respondents selected a broad ranee of 
categories at all levels of detail. Those most frequently indicated were 
urban categories. 

EVOLUTION OF THE MICHIGAN RESOURCE INVENTORY ACT 


Significant environmental and land use legislation was passed in Michigan 
during the 1970 *s to protect shorelands, farmland, and open spsce, and to 
prevent practices which lead to soil erosion. Attempts to formalize more com- 
prehensive land use legislation failed. It was clear, however, that the need 
for a new and complete inventory of the land resource base in Michigan had been 
recognized by both supporters and opponents of comprehensive land use legisla- 
tion. In January 1979 a bipartisan group of three legislators established a 30- 
menber land use task force with representatives from concerned parties to assist 
in drafting a politically acceptable bill incorporating this inventory idea. 

The task force Identified the need for: 1) comprehensive Information on land 

resources and land use activities and 11) better cooperation between state and 
local authorities in land resource management efforts. These suggestions formed 
the basis of the Michigan Resource Inventory Act (Public Act 204) which was 
passed in December 1979, signed by the Governor in January 1980 and assigned to 
the Department of Natural Resources (DNR) for lnq>lementatlon. 

The Act has four main components: 

1. An Inventory Advisory Committee (lAC) was established and given the 
task of assisting the DNR in completing its responsibilities under the Act. The 


♦This research was supported by the Division of Land Resource Programs, Michigan 
Department of Natural Resources and the Department of Resource Development, 
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lAC is composed of 20 members from across Michigan representing local govemaenc 
associations, soil conservation districts, land resource based industries, state 
and federal agencies, environmental groups and the universities. The committee 
is involved with major policy decisions, the review of important technical deci- 
sions made by DNR staff and reporting to the Governor and legislature both 
issues and solutions identified during the inventory program. 

2. A Current Use Inventory is to be completed for Michigan every five 
years. This inventory can be conducted by local government or regional agencies 
with up to a 7SZ cost rein^ursement . Some of the inventory work will be com- 
pleted by DNR staff where local agencies are not sufficiently prepared to under- 
take the work. Categories to be delineated will fall into such general groups 
as urban, agriculture, forests, wetlands and mining. Specific category descrip- 
tions have to be finalized and \rLll be addressed later in the paper. 

3. A Land Resource Inventory will also be prepared. This Inventory will 
identify lands especially suited for farming, forestry and mineral extraction. 
Jhich land resource data that are currently available, such as soils and geologic 
information, will be reformatted so that all sets are consistent and, through 
the use of a data management system, can be accessed by users to assist them in 
their planning and resource management efforts. 

4. A Technical Assistance Program . The Act requires the DNR to establish 
a thorough technical assistance program. This will involve publishing and dis- 
tributing inventories to local governments, conducting workshops and seminars, 
the preparation of problem solving manuals and direct professional assistance 
to local governments with unique or difficult problems. With this type of pro- 
gram, PA 204 will provide information and analytical techniques to local agen- 
cies which will allow them to make more informed decisions, rather than drawing 
that authority away and investing it in a state land use committee. This is the 
critical feature because it makes PA 204 politically acceptable where previous 
land use proposals were not. 

Prior to implementing the provisions of the Act, a project design study to 
define both the specific categories and methods which will be used in the inven- 
tory process and the specifications of the data management system has been 
initiated. 

METHODOLOGY 


Identification of Inventory categories that are useful to the widest spec- 
trum of users in the state is important. An integral part of this selection in- 
volves not only category selection but also technical characteristics. The 
right category with poor or inappropriate technical specifications has little 
utility and will cause frustration and disillusionment in the user community, 
thus jeopardizing the whole inventory process. In order to obtain direct infor- 
mation on category preference from the user community, it was decided that a de- 
tailed survey of user needs should be a part of the project design study. 

A questionnaire was designed to elicit responses from professional plan- 
ners, resource managers and other interested groups or individuals concerning 
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their data needs with respect to PA 204. The general categories listed in the 
Act were recast as potential data eleaents and divided into four sections. 

RESOURCE i:^formation categories 

1. Current Use Inventory. The categories listed in the Act are broad, 
general groups rather than specific working land use categories. In fact, users 
may require land use categories in several different forms, broken down into 
specific components or levels of detail. This requires the use of a comprehen- 
sive land use classification system so that clearly defined, mutually exclusive 
categories can be identified and understood by producers and users alike. 

The Michigan Land Cover/Use Classification System (1975) was put together 
by a group of concerned professionals under the sponsorship of the Department of 
Natural Resources. It incorporates Level I and II categories from the system 
developed for use in the U.S. Geological Survey mapping program (Anderson, 1976). 
Level III and Level IV categories are also defined in this system with particu- 
lar reference to the Michigan environment. The system has been used extensively 
for land use inventory in the state. 

Levels I, II and III have been xised in the data needs questionnaire as the 
group of categories from which respondents can choose when defining their re- 
quirements for land use information. Level IV information has been left out 
except for six categories which further specify •‘Utilitxes” (#146) and have, in 
the past, proved to be important for regional planners. As a general rule, 

Level IV categories are so specific and numerous that they are not included on 
land use maps or in their related information systems* The land cover /use cate- 
gories in the questionnaire are listed in Table 1. A number of categories from 
Level III were omitted or ccmbined with others because they were not often used, 
or could easily be combined with other categories. Clearly it was anticipated 
that any individual respondent would not identify a need for all of the cate- 
gories and the questionnaire instructions illustrated a possible response for 
categories in the ''urban** grouping. The general extent of urban land including 
all sub-categories may be an item of importance, although within the boundaries 
of this area the more specific categories of Residential and Industrial from 
Level II and Mobile Home Parks and Strip (commercial) Development from Level III 
might be indicated. This is a selection of five categories out of a possible 
forty- five that are considered to be needed by the agency. 

2. Special Lands. In the language of FA 204 some functionally defined 
lands are included under the rubric of current use. They refer specifically to 
lands reserved or designated under other land resource related Michigan legis- 
lation. 

Lands enrolled in the Farmland and Open Space Preservation Act and the Com- 
mercial Forest Reserves Act are mentioned specifically. These groupings differ 
from the current use categories in that they are not necessarily homogeneous and 
often consist of several land cover types. In a practical sense this means that 
the methodologies used to inventory these types of lands are different from 
those used with current use and they are often difficult to fit into a neat 
classification scheme. There are other categories of information important in a 
comprehensive resource inventory that are similar to areas subject to leglsla- 
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tlve mandates such as flood plains and recreation areas that, together, make up 
a group loosely defined as special lands (Table 2). The list Is not comprehen- 
sive and the respondent can add other categories that are considered Important. 

3. Land Resource Data. This group of categories refers to the major 
natural resources of an area which are Important In anst resource manageaient 
decisions (Table 3). Again, the list Is not comprehensive but It does attempt 
to make more specific the general categories Indicated In the land resources 
language of PA 204. Four groups are Indicated: geology, soils, hydrology and 

climate. 


4. Composite Indicators. Assessing the capacity of an area for some 
future land use or to evaluate whether Its current use Is best, given a set of 
criteria, often involves the consideration of several land attributes simulta- 
neously. Data management systems with large geographic data bases allow re- 
source managers to overlay and factor several variables In order to come up with 
limitations for certain types of development and suitability Indicators for 
others (Table 2). A nusiber of suitability Indicators were suggested In the 
language of PA 204 and others have been added to this list. The next logical 
step would be to enquire as to the component data elements considered Important 
In making up the composite Indicator, but such a complicated task Is beyond the 
scope of the questionnaire. 

INVENTORY CHARACTERISTICS 

As mentioned earlier, category selection is only the first part of the data 
needs identification process. Equally as important are a number of decisions on 
what can broadly be defined as the format of those data. The questionnaire 
identifies nine format components which a user should consider on choosing a par- 
ticular information category. Several options are indicated for each of the 
nine components and it is only through an evaluation of these options Chat a 
producer can decide how best to collect and present the inventory information 
selected. The nine components are: coverage, resolution, accuracy, scale, 

level of aggregation for tabular data, application areas. Importance, frequency 
of use and ip-datlng cycle (Table 3). Each of these components is applicable to 
the four groups of categories but they are of most critical importance to the 
current use categories as these data will be gathered from primary sources while 
most of the other data are assembled from other documentary sources. With docu- 
mentary sources the format allows the provider to select, combine and possibly 
modify or reject data that might be used Incorrectly to support decision making. 
Using this information to direct primary data acquisition allows critical deci- 
sions on data source and me^hodology to be made in the clearest possible manner. 

THE QUESTIONNAIRE DOCUHENT 

Drafts of the questionnaire composed of the author's initial choices and 
wording for the Resources Information Categories and Information Characteristics 
were prepared for review and comment by staff within the Division of Land Re- 
source Programs responsible for Implementation of PA 204. Copies of this docu- 
ment were also reviewed by staff of the Center for Remote Sensing and the De- 
partment of Geography at Michigan State University. Modifications to both 


380 



sections were incorporated in a revised document that was prepared in the single 
sheet format chosen for distribution. The questionnaire was then reviewed a 
second time with particular attention being paid to layout and the explanatory 
text that had been completely re-*wrltten from the Initial draft. The review 
process at this stage went through several iterations with changes being otade 
in the questionnaire layout and in the explanatory text. A final draft was 
eventually agreed upon and type-set for reproduction and testing by individuals 
likely to respond to the questionnaire in its final form. This pre-test stage 
had to be accomplished quickly because of agency constraints and, as a conse- 
quence, only two responses were gathered. The pre-test responses confirmed the 
substance of the questionnaire but indicated some mechanical problems in the 
layout and text type sizes. These were corrected by graphic highlighting, re- 
setting some of the type and the preparation of a step-by-step instruction sheet 
to lead the respondent through the explanatory text. 

The questionnaire was put together in a matrix format similar to that em- 
ployed in a survey of data needs administered to Oregon State government offi- 
cials (Brooks, 1980). Respondents were asked to enter and/or select their cate- 
gory choices from the list on the left side of matrix boxes. If other choices 
were more appropriate, alternative selections could be written in or explained 
in a comments section. Once the categories were selected, the respondent then 
indicated one of the options from each of the information characteristic com- 
ponents. Again, new options in these components could be added or completely 
new components could be used If this was deemed necessary. 

RESULTS 


Analysis of the questionnaires is still in progress, and consequently this 
section will only report on the overall response and preliminary results from 
the current use inventory section. 

Questionnaires were mailed to six groups. Emphasis was placed on profes- 
sional planners, particularly those at the county level. However, planners in 
the cities, at the township level and county commissioners in counties without 
planning departments were also Included. Table 4 contains the full tabulation 
of responses. Overall response was 461 of the total questionnaires mailed (86 
returns from 186 mailed). A substantially better response rate was achieved 
from the major target groups of regional and county planners. Responses were 
obtained from 66Z of county planners and 792 of regional planners. The distri- 
bution of these responses within Michigan was also of Interest. The regional 
agency responses, because of their larger percentage return, have the most com- 
prehensive areal coverage but the county agency responses (planners and commis- 
sioners combined) are also well distributed throughout the state. This is im- 
portant because the results of tabulation from this group of responses can be 
considered to be without substantial regional bias. 

As indicated earlier in the paper, two types of Information were required 
from the questionnaire. First, which group of categories would serve the 
greatest number of users in Michigan; second, for these categories, which tech- 
nical characteristics are required for effective utilization of the information. 
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Initial tabulations show that a wide range of categories are considered to 
be iiq>ortant but that only five categories were selected by over SOZ of the 
total respondents (Table 5). These categories are from Levels II and III and 
are all Urban types. If the threshold level is reduced to categories that are 
selected by over 45Z of all respondents, the nuober of categories selected more 
than doubles (13 categories). More categories are added in Level II and Level 
III; all from the Urban group with the exception of Streams which can really be 
considered as a base map category. Level I categories of Agriculture, Water and 
Wetland are included at the 45Z threshold, throwing into even clearer perspec- 
tive the respondents' overall need for detailed urban information and only very 
general information from the other major land use categories. Dropping the 
threshold level to 40Z has little additional effect; Forest is added in Level I 
and Lakes in Level II, plus two other Level II urban categories. 

It is anticipated that the major users of the inventory information will be 
the county and regional planners and PA 2C4 is very much oriented to the needs 
of this group. Combining the responses of county and regional planners with 
those of the county commissioners creates a sub-group which is probably u»re 
representative of actual needs than the full set of returns. The category 
selections of this sub-group are more focused than the total returns and are 
less oriented to Level III urban categories as might be expected with the re- 
sponses from cities excluded (Table 6). Categories from the urban grouping do, 
nevertheless, dominate those in the 50Z or above threshold grovip. Orchards is 
the sole Level II agricultural category although the four major non-urban cate- 
gories are Included in the Level I group at the 50Z threshold. Moving through 
the 45Z threshold adds two agricultural categories to Level II. At the 40Z 
threshold, the Level II agricultural group is completed. Level II wetlands are 
added as are the other Level II categories and three additional detailed urban 
categories. This last group seems to be the mix of categories that can serve 
as a base from which to make final decisions on categories to be Included In 
the Inventory. It has a good range between levels and seems to meet a substan- 
tial proportion of user needs. Further work with the response data will be 
done, however, before a set of recommended categories Is submitted to the De- 
partment of Natural Resources. 

The second task, that of tabulating the technical characteristics of the 
categories selected by the respondents. Is still In progress. Responses tabu- 
lated for Level I Urban suggest that this, too, will be a fairly complicated 
pattern. For this category the total and sub- total responses are essentially 
similar, varying only by degree. With each characteristic the majority choice 
Is usually clear, however, secondary choices are also indicated. Individual 
township coverage Is chosen with a ten- acre resolution and 90Z accuracy. A 
scale of 1:24,000 Is Indicated but strong representation foe 1:10,000 Is also 
recorded. Aggregation by township Is Just barely the majority choice with sec- 
tion aggregation the only other choice. The category Is considered very Im- 
portant and would be applied In the general planning and management of urban 
development areas on a weekly basis. An update cycle of every two years Is 
deemed most appropriate. Interpretation of this Information will be facilitated 
by considering groups of categories and making Inter-group comparisons. 
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CONCLUSION 


Work in the next months will allow recommendations on the current use in- 
ventory categories and the other Information categories to be finalized for pre- 
sentation to the Department of Natural Resources. Final decisions in this area 
will be made by the Inventory Advisory Committee. Inventory work is scheduled 
to commence in October 1981 and the data source to be used will be 1:24,000 
color Infrared Imagery acquired for all of Michigan in 1978 and 1979. Other 
work is also in progress to define which of the selected categories can be up- 
dated accurately using Landsat and to develop operational procedures for imple- 
menting this strategy. 

A copy of the questionnaire and complete tabulations of the responses are 
available from the author. 
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TABLE 1. CURRENT USE INVENTORY CATEGORIES INCLUDED IN THE 
MICHIGAN DATA NEEDS QUESTIONNAIRE. 
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TABLE 4. RATE OF RESPONSE TO THE MICHIGAN DATA NEEDS QUESTIONNAIRE 
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TABLE 5. CATEGORIES SELECTED BY QUESTIONNAIRE RESPONDENTS: 
THE TOTAL RESPONSE GROUP. 
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TABLE 6. CATEGORIES SELECTED BY QUESTIONNnIRE RESPONDENTS: 
THE PLANNER SUB-GROUP. 
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A LAND COVER CLASSIFICATION FO& VEBMQNT 

Boy A. Whltaore, Jr. 

Professor of Forestry 
School of Natural Resources 
Qulveralty of Veraont 
Burlington, VT 05405 


INTRODUCTKW 


Rapid changes in land use are presently occurring in Veraont. These changes 
inc'* .Mie clearing of agricultural and forest land for urban acd industrial devel- 
opji^t and the reversion of agricultural land to forest. Veraont is a snail 
state covering some 24,887 square klloaeters (9609 square miles). Of this 833 
square klloaeters (322 square miles) ate state waters of Lake Champlain and 857 
square klloaeters (331 square miles) are inland waters. According to the last 
forest survey conducted by the U.S. Forest Service, 1,792,767 hectares 
(4,430,000 acres) or 76 percent of the area is classified as forest. Information 
about this fcrest area is needed for the development of aanagesirat plans, to 
monitor and regulate forest practices and to promote and encourage the develop* 
sent of fcrest production to meet growing wood needs. 

THE STUDY 


The current project grew out of earlier cooperative efforts by the Vermont 
Departnent of Forests and Parks, the University of Vermont, and the Eastern 
Regional Remote Sensing Applications Center to detect and assess the ertent of 
defoliation caused by forest tent caterpillar. That effort was not successful 
but did result in reasonably good forest cover classifications of the test areas. 
Products developed from these efforts were shown to state and university per- 
sonnel who saw the usefulness of such data. From these beginnings, the current 
project developed as a cooperative effort by the three agencies. The Univer- 
sity's effort is being conducted under the auspices of an applications grant from 
the Office of University Affairs of the National Aeronautics and Space Admini- 
stration (NASA Grant NSG-7453) . 

This project fas three objectives: (1) demonstrate the feasibility of using 

Landsat data for resource management; (2) establish projects and meet state needs 
fcr specific resource Information; and (3) assist state personnel in obtaining 
technical expertise in the processing and analysis of Landsat data. 

Two projects were initially developed involving land cover classification. 
The first of these involved statewide forest cover classification while the 
second involved an lnventor> of lakes and ponds with areas greater than 20 acres 
and classification of land use within their respective watersheds. Subsequent 
investigation showqd that the objectives of both of these projects could be met 
through a single effort. 
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STUDY METHODS AW) PROCEDURES 


luring the developMQtal stages of the project. It was decided to carry out 
all data processing on the Interactive Digital laage Msnlpulatlon System (IDDfS) 
at Goddard. At this tine the ORSER program package was operational at Vermont tut 
wss not used because of the limited areas that can be processed at a single time. 
All classification uould be by the "supervised" approach In which specific types 
of ground cover are Identified and located prior to the classification process. 

LANDSAT DATA 


A prerequisite to the success of this project was the Identification and 
acquisition of suitable land sat scenes and data tapes. To coqiletely cover the 
state required the classification and merging of portions of four Landsat scenes. 
With Vermont's chronic cloud cover, the selection of suitable data tapes was 
difficult. The decision was finally made to utilise two scenes recorded on 
September 26, 1978 (#20205-14555 and 30205-14561) fcr the eestem half of the 
state and another two scenes from August 22, 1978 (#30170-13011 and 30170-15014) 
for the western portion of Vermont. All four of these scenes were cloud free and 
had four good bands of data. 

GROUND TRUTH AND TRAINING FIELDS 


State and University personnel collected ground truth Information for a 
series of test areas across the state within each of the four selected scenes. 
Training fields within the test areas had to meet three criteria: (I) the areas 
thesiselves must contain only one cover type; (2) the cover of the training areas 
had to be positively idertified by photo interpretations; and (3) the training 
fields had to represent the variation present within a particular cover type. 

The data fcr these training fields trere Interpreted frcm 1:80,000 color 
infrared and 1:20,000 black and white panchromatic aerial photos flown In 1977 
and 1974 respectively. As many forest and oth^r cover types as possible were 
located with the intention of producing a very detailed cover type map. This 
Cask proved to be a very formidable one. It was compounded by the fact that the 
fall color change had begun to occur at the time the September 26 scenes were 
recorded. It became apparent that a more general map would have to be produced 
with a smaller number of cover classifications. Training field coordinates 
recorded as Landsat scan lines and pixels were selected and registered to the 
ground truth training sites. Statistical data were computed for each training 
site. Histograms of reflectance values from each of the four bands were 
analyzed in terms of distribution. Those approaching normal distribution were 
accepted. Samples representing each of the major cover types were clustered in 
order to define subclasses or spectral classes within the major cover types. 
Statistics were calculated for each spectral class and the separability of 
classes was tested. The final statistics trere used tc< classify the pixels in 
each major study area. 

Classified map products were produced for several 500 pixel by 500 pixel 
study areas throughout the state. They were brought back to Vermont and checked 
against ground truth for classification accuracy and correction where necessary. 
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This work continued through the suaner and fall of 1979 and Involved some adjust- 
ment In classification signatures. 

CLASSIFICATICHi 


The extensive checking and subsequent adjustments produced a finalized sig- 
nature set for a particular type of land cover in each of the four scenes. These 
signature files were utilized by the computer to classify each of the pixels 
within the useable portion of each scene. The final classification taper con- 
tained data coded pixel by pixel into eight land cover classes as determined by 
the signature inputs. Digitized boundary deta were used to subset the four areas 
of the state from their respective Landsat scenes. The four pieces were merged 
to form a coaq>o8ite classified map of Vermont. Resulting products included a 
digital tape of the composite scene and a film recorder negative used to produce 
the photographic product shown in Figure 1. This depicts the cover classifi- 
cation using every other pixel within every other scan line. 

ACCURACT DETERMIHATKRI 


In order to test the accuracy of the classif ication» a procedure based upon 
a systematic random sampling method was applied to the landsat data. Percentages 
of land cover were compared by a check of randomly selected areas that were 
photo interpreted. Such accuracy checks should accomplish two things: (1) over- 

all classification accuracy and (2) spatial accuracy of the classification* Both 
of these can be achieved using the same photointerpreted cells* 

Vermont has a statewide plane coordinate system in both English and metric 
units. The metric system uses 1,000 meter grids. A state orthophoto mapping 
project uses 4,000 meter grids and has produced orthophoto prints of these cells 
at a scale of 1:3000. Each grid cell contains 1600 hectares (3954 acres). The 
orthophoto maps could not be used for accuracy checking because they are only 
available for two-thirds of the state and because they have been developed over 
a 10-year period. However, the grid system could be used. 

A 10 percent random sample of 167 cells was dravn ard tie coordinates trans- 
ferred to 1:63,360 scale state highway maps. The locations of these are shown in 
Figure 2. Land cover within each of these sample cells was interpreted from 1977 
1:80,000 scale color infrared photography and transferred to the base maps with a 
Bausch and Lomb Stereo Zoom Transfer Scope. The resulting maps were digitized to 
obtain area data by land cover class. 

RESULTS 


The results of this comparison are shown in Table 1. Many of the apparent 
differences found to date are due to inherent differences between the definitions 
used by an interpreter and the more rigid assignment of computer classification. 
For example, Landsat classified 79 percent of the area as forest cover whereas 
75 percent was so classified by photo interpretation. More detailed examination 
of smaller cover features muld cause the interpreter to call many Landsat 
classified forest areas as either urban or untilled agricultural lands. 


389 



Further test* of accuracy ara planned for aBallar araaa to ba aubiat fron the 
larger claaalf Icatlon. 

A aajor benefit derived from thia damonatratlon project was the "jelling" of 
a general cooperative remote sensing effort within the state. With image process- 
ing capabilities available within the state and a general understanding of 
Imndsat's capabilities held by many state officials* additional cooperative 
efforts have been initiated and swre are anticipated. 

CONCLUSIONS 


The synoptic view of Landsat provides an opportunity to obtain reasonably 
accurate land cover inf onset ion over large areas such as states, counties or 
watersheds provided that the classification is held to level one. Once large 
areas have been classified using computer processing techniques it is possible to 
produce classifications for smaller areas b> subsetting, through use of a digi- 
tizer, from the larger classified area. These capabilities which combine satel- 
lite, sensor, and computer make a large area land cover classif icatioc system 
possible. 
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Figure 1. Land cover classification, of the State of Vermont der.ive<i 
from the coaputer analysis of digital data of four Land sat 
scones. 
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Figure 2. Location of 167 randomly selected sample grid cells for 
photointeipretaf ion test of accuracy of Landsat land 
cover classification. 
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Table 1. Comparison of land cover area estimates by photointerpretation and 
computer classification of Landsat digital data in Vermont. 


Land Cover 

Photo Derived 

Landsat 

Difference 







IT ex c en 


FOREST 

75.3 + 1.4 

79 

+3.7 

Hard%iood 

36.3 + 2.0 

54 

+17.7 

Conifer 

21.1 + 1.1 

15 

-6.1 

Mixed 

17.9 + 1.0 

10 

-7.9 

AGRICULTURE 

19.5 + 1.0 

16 

-3.5 

Tilled 

2.5 + .4 

4 

+1.5 

Untilled 

17.0 + 1.3 

12 

-5.0 

URBAN 

2.4 + .7 

1 

-1.4 

WATER 

2.7 + .9 

4 

-0.1 

BARREN 

0.1 + .02 

(0.01) 

-0.1 
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SUMMARY OF FORES TRY/ AC’ RICULTURE 



Chairpersons: Arlene Kerber, ERRSAC 

Brian Stone, Vermont department of Forests, Parks, 
and Recreation 


The forestry/aKrlculture forum began with two presentations: "Monitoring Forest 

to Agriculture Land Conversion" by Mary Louise Budding of the Minnesota State 
Planning Agency, and "Michigan Sme.ll Forest Woodlot Survey" by William Enslln of 
Michigan State University. Following these presentations there was much concern 
about the proposed FY82 budget cut of the Regional Appllcatl >as Program. Dis- 
cussion focused on program Impacts, the present Administration's policy, and mis- 
understandings about technology transfer. Everyone was encouraged to write to 
their Congressmen and Senators about two serious Issues which would affect state 
needs: 

(1) Loss of application potential — States need the low-risk, low-cost 
opportunity that presently exists to apply the technology and see how It works 
before they are willing to make an Investment. 

(2) Loss of continuity of data (due to postponement or cancellation of ‘ new 
satellite launches or change In operational system status, a data gap could 
occur) . 

The next topic of discussion was the use of Landsat data in the U.S. Forest Ser- 
vice Forest Survey. It was emphasized that landsat can be used as a first-cut 
stratification for the Survey, as a cross-check for existing forest statistics, 
as well as an Inexpensive means to u(>date statistics between surveys on a 
regular basis. In addition, Landsat can be used by planners as a guide to 
spatial distribution of statistical data of the Forest Survey. 

The need for forest type maps which Landsat can provide was emphasized. Some 
states find forest statistics without any map product not very useful. Two 
major problems were mentioned— the Survey does not provide mars along with the 
statistics so the statistics do not make sense to planners. Secondly, some 
states such as Indiana, Illinois, and Ohio may have to wait as long as 17-19 
years between Forest Surveys. 

It was pointed out, however, that the Forest Survey's purpose Is determining 
timber resource statistics to answer the national question of how much wood 
there Is — it Is not a mapping function. The Forest Service Is adding data such 
as wildlife and biomass which will be useful to the states. If states work In 
conjunction with them, they are more responsive and the Survey will be more 
successful within a state. There is a need for more communication. 
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Maine, where the Forest Service ie presently working on the Survey, is atteapting 
to digitise all photo plots which will give good geographic location for statis- 
tical data. The need for the states to taka the lead In initiation of inputs 
(e.g., digitisation, specific state needs, available state infomatlon) to the 
Survey was emphasized. 

The use of Landsat to update the Survey was emphasised as an important roxe. 

There is a real need, at least every 5 years, perhaps more often, for a 
relatively inexpensive way to update forest maps and statistics between surreys. 
Landsat data from 1978 were able to update 197?. Forest Survey statistics f«'c 
Vermont by showing an increase of about 5 percent in the total forested Isnd over 
this 6-year period. Photointerpretation of aerial photography over smaller areas 
have verified the overall results. 

The accuracy assessment of the Vermont Landsat-derlved land cover map showed that 
a Level I classification was very good. The Level II classification was not as 
accurate due to: Landsat *s 1.1-acra resolution versus aerial photography not 

being photointerpreted to that fine a level, the subjective nature of photointer- 
pretation, and the confusion created by the lack of a clear definition of what is 
considered forest cover and what is mixed forestland. 

Different ways of using Landsat data with Forest Survey statistics were also dis- 
cussed. The suggestion was made to think in terms of a statistical surface by 
using Landsat to guide a spatial Interpolation of statistical data to come up 
with an approximation of a map. In North Carolina, another way of using Landsat 
data and Forest Survey statletics was to include them into a land information 
system which relates statistics as well as other data to a specific area. 

Another problem expressed during the forum was Landsat' s difficulty in monitoring 
slow change in forestry applications. Vfhile Landsat does show changes as the 
result of fire, forest pests, e.gy, spruce budworm, and clearcutting, forest 
succession is difficult to detect. It is important to delineate between clearcut 
and stages of forest growth. The northeast states, particularly Maine, New 
Hampshire, and Vermont need at least a 5-year interval to monitor change with 
Landsat. 

The forum concluded with a brief discussion on wildlife applications, specifi- 
cally the location of hemlock for the monitoring and inventorying of deer yards. 
The point was made that the seasonal time of year is a critical factor In 
delineating specific species associations, especially in the east with its mixed 
forest. 
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SUMMARY OF 

UND COVER ANALYSIS AMD PLANNING FORUM 


Co-c hair per sons: Janette Getvin, ERRSAC 

Dennis Malloy, Vemont State Planning Office 


The forum began with a presentation by Edward J. Philips of the Pocomoke River 
Advisory Committee of his paper "Application of Landsat Data for Land and Water 
Research Planning, thr. Pocomoke River Basin, MD." Following this, Ms. Gervln 
opened up the discussion by asking the group what specific needs planners wished 
to see addressed in future landsat systems. Several group members mentioned the 
resolution necessary to differentiate low density residential areas. The 
improved resolution of the TM was also expected to aid in categorisation of 
wetlands. 

The next topic mentioned was the possible problems associated w:. h the increased 
data volume of the TM data rate, production, availability, user handling, and 
compatibility with the smaller computers that many state users tend to use. 

Ms. Gervin indicated that these problems might persist in the short run since 
Landsat-D like its predecessors would be administered by NASA as a research, not 
an operational, system with improvement anticipated when the series becomes 
operational. 

Assuming the Carter Administration Plan to operationalise the Landsat system 
would be affected in some form, Ms. Gervin asked the group what institutional and 
technical problems planner* could foresee. They cited the uncertainty of plans 
and lack of information fxow from NASA-NOAA to the states, making it difficult 
for them to even know which computer system to Invest in. There was a brief 
discussion on the availability of data and operational history of past, present, 
and future Landsat satellites. Next, Hr. Ma'^* asked how satisfactory a fre- 
quency of 1 every 18 day coverage was for theit objectives. While noting the 
Importance of cloud cover, a member pointed out that the 4 passes mcessary for 
water quality work required more than one satellite. The launch time for 
Iamdsat-2 was not known. 

The group was then asked its preferred patterns of coverage, turnaround time, and 
reliability. Response was very mixed, depending on the users need; some users 
required a month turnaround, others gave more importance to price, and some were 
using 3-year-old Landsat cata for current classifications. 

Mr. Malloy addressed the group members who had used Landsat data as to their 
institutional problems, and how they would operate if budget cutting stopped 
NASA support. The responses were that some states would simply stop using /or not 
start using landsat data, that others would have to rely more on universities ard 
experienced state and local government orgaulzations. There was mixed enthusiasm 
for dealing with the private sector as local governments ere frequently required 
to deal with the lowest bidder, and frequently aren't experienced. 
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SUMKARY OF SURFACE MINING AND ENERGY FORUM 


Co-r.hairpersont: Ron Witt, ERRSAC 

Dr. Hubartus Bloeaer, Ohio University 


The surface mining forum began with two very different papers, both of which 
dealt with the monitoring of surface nines. Tim Schmid" of the Maryland Depart- 
ment of Natural Resources Water Resources Administration, discussed his coopera- 
tive project with ERRSAC that involves mapping sand and gravel pits in the 
Patuxent River Watershed. The classifications were developed from Landsat ^BS 
digital data acquired on two dates over a 5-year time span. Hugh Bloemer, 
assistant professor at the Department of Geography, Ohio University, provided a 
detailed description of several processing techniques, and concluded with a dis- 
cussion of his work on multi-temporal monitoring of strip mines in eastern Ohio. 
The text of these presentations is Included elsewhere in this volume. Both 
papers provided an introduction and background for the discussion which followed. 
In addlcion, several questions which were Identified in advance provided further 
focus for the forum: 

- What is "state of the art" in remote sensing of surface mines? 

- What is the best time of year from which to select the imagery to 
delineate surface mines? 

- What new techniques are being applied or are anticipated? 

- What categories of mines are mappable at current satellite resolution 
levels? 

The first question was addressed by Jim Irons' paper In the plenary session and 
discussed in further detail in Bloemer 's presentation. In summary, Landcat is 
Ideally suited for monitoring surface-mined areas on a regional basis, both to 
determine the areal extent of mines and to look at sequential change. Detailed 
inspection of Individual mines, however, is better left to interpretation of 
low-altitude aerial photography. For example, Landsat data have been used to 
monitor large strip-mined areas in Ohio, West Virginia, Pennsylvania, Maryland, 
and Kentucky. Furthermore, Maryland and Michigan currently have programs to map 
surface mines on a statewide basis and anticipate using Landsat data to accom- 
plish their objectives. 

Because of the distinctive contrast in reflection between healthy vegetation and 
barren areas, the optimal Landsat data for surface mine mapping is Imaged during 
the summer months when the vegetative cover is most fully developed. The more 
dense and vigorous is the vegetation surrounding mined sites; the greater is the 
contrast between the two. Thus the extent of surface mining activity poten- 
tially can be mapped more accurately late in the growing season. 
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Littla w>s said in regard to new taehniquaa development , except that the higher 
spatial resolution (30 metere) and more aelective spectral range of the t^elllatlc 
mapper would significantly laprove the surface mine napping capability from 
orbital altitudes. 

In addition to the discussion on remote sensing of surface minest an Ohio dele- 
gate outlined a project using Landsat data to select potential and alternative 
ethynol (gasohol) plant sites in his state. 


400 



SUMMARY OF DATA PROCESSING FORUM 


Co-chairpersong: Marc Imhoff, ERRSAC 

Brian J. Turner, ORSBR, Pennsylvania State University 


The data processing forum began with a presentation prepared by Dr. Brian IXirner, 
director of the Office fcr Remote Sensing of Earth Resources of the Pennsylvania 
State University, entitled "Recent Developments with the ORSER System." This 
presentation dealt with an overview of the capabilities of the Ctffice for Remote 
Sensing of Earth Resovrces (ORSER) digital image processing system and described 
in detail most of the major alterations and amendments to this system. A few of 
the major changes either recently installed or in the process of being developed 
are: the addition of a user-friendly front end to the software system designed 

to streamline program stem editing, expansion of the system to handle larger data 
sets, an all-FORTRAN version of the ORSER system to make the programs easier to 
install on a wider variety of computers, a system of programs designed to handle 
polygon data as well as editing of digitizer data and calculation of area statis- 
tics, and a variety of data management program Improvements. The text for this 
presentation c&n be found elsewhere in this volume. With tie ORSER system 
presentation as an introduction, the forum discussion as a whole tended to 
revolve around the ORSER system and ORSER users* 

Dr. Brian Turner proposed that an ORSER users group be formed and supported in 
part bv the user comnunity. Within this proposal a newsletter will be published 
bv the group which could be used to keep the user community up tc date on alter- 
ations and amendments as well as provide a means for users to voice present and 
future requirements and discuss problems. To date there are 25 U.S. and eight 
foreign ORSER users. 

Several users exprepsed a desire to see some kind of atmospheric correction or 
haze correction program input to the system. It was agreed that such a program 
would be useful, although very few such algorithms are currently operational. 
Other suggestions focused upon such proposed system additions as the inclusion of 
NASA STATS to the ORSER system, and the installation of an algorithm within the 
STATS program that would provide a histogram of the distance of each pixel vector 
from the various class means in order to more accurately determine an optimal 
critical distance. 

Image Processing Systems other than ORSER were also discussed as they might be 
compared to ORSER* Interactive systems were described as being :onsiderably 
more powerful in terms of processing time, convenience and display capability. 

The point was also made that interactive systems are much more expensive and 
require a technician educated in digital processing. OF^ER on the other hand is 
very inexpensive, and is an excellent system with which to train people in digi- 
tal processing techniques due to its step-by-step batch type mode of operation. 
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Dlacusaion continued In conparlnR t\.% vlrtuas of th« ORSBt syst«i and Interactlva 
avstaas auch aa BSL'a IDIMS> 

In ganeral, it waa aaread that the ORSBR avstaa haa a wide range of procasalng 
capabllitiaa, but that aoua kind of Interactlva node of proceaalng for laage dla- 
play I Inage enhanceaent, ground control oolnt aelectlon, and training alte 
aelectlon would be helpful. 


402 



SUMMARY OF WATER QUAUTY/CQASTAL ZONE FORUM 


Chairpwsons: Betty Middleton* ERRSAC 

Peter Comillon* University of Rhode Island 


The %iater ({uality /coastal zone fonm dedicated a large portion of time to the 
following four presentations: "Remote Sensing in the Coastal Zone — A Perspec- 

tive" by Peter Cornillon of the University of Rhode Island* "Lake Classification 
in Vermont" by Nancy Bryant of the Vermont Department of Water Resources* 

"Thermal Infrared Imagery* Cape Cod* Massachusetts" by Barbara Ryan of the U.S. 
Department of the Interior* and "New Jersey Long Shore Protection" by Susan 
Halsey of the New Jersey Geological Survey. Following these presentations* the 
forum participants were divided into two discussion groups* one devoted to 
coastal zone issues and the other geared specifically to water quality topics* 

In the coastal zone group* Dr* Cornillon addressed the question of why remote 
sensing has been used so little in the coastal zone regions to date* Discussions 
that followed focused on the problems and impediments which had been experienced. 
The need for in situ informat i-^n relative to color changes In sand, type of sedi- 
ment load transport, etc. was emphasized if Light Detection and Ranging (LIDAR) 
or other remote sensing devices are to be used. Dr. Comillor cautioned the 
group not to be too optimistic about the degree of information available from 
remote sensing alone* noting that it vas oversold to the rceanographic community 
for ohysical oceanographic offshore research in 1968* In the intervening 10 
years until 1978* when TIROS-N satellite was launched* little progress was made 
leaving oceanographers pessimistic about the utilization of remote sensing as a 
useful research tool. 

However, the point was made that satellite data have been very useful in Gulf 
Stream studies* both in positioning and defining the dynamics of ring formation 
and more recently in relating Gulf Stream west wall undulations tc tidal flow 
input. Attempts are being made to use this technique to estimate Stream 
velocity. 

Further discussion emphasized the benefits of multispectral sensing from high 
altitude aircraft in coa:*cal zone assessments. However* complications relating 
to aircraft position and motion that can be predictably computed for satellites 
must be measured and input to correct aircraft data. The suggestion %ias made 
that* for the price of one satellite launch* many dedicated aircraft sweeps of 
coastal regions could be made and with Joint scheduling of aircraft for multi- 
state use* perhaps cost-effective operations could be obtained. In general, it 
vas agreed that aircraft photos probably would be a valuable addition to Landsat 
data. 

The water quality group began their discussion pinpointing the problems asso- 
ciated with observing chlorophyll measurements using remote sensing techniques. 

It was pointed out tluit a bright reflective botton* surface facilitate! the 



detection of chlorophyll elgee. The point ens aede thet experiaentel dete sore 
rncent then the Purdue/IARS research are available regarding backseat ter Ing and 
environaental factora controlling chlorophyll acasureaenta. 

The next topic dlscuaaed ms the growing concern on trophic statua. Making a 
trophic state aseeaaaent Is difficult due to regional orobleaa. There la a need 
to take into consideration public perception of what water quality standards 
should be in the region and what individual pregraa needs exist within the state. 
It tias further expressed that a big problea in mter quality asseasaent Is the 
difficulty in acquiring adequate quantities of repetitive data In a tiaely 
fashion. 
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SUMKARY OF CIS FORUM 


Co-Chairpersons: Bill Campbell, ERRSAC 

Chuck Klllpack, Utah State University 


A vide varelty of Issues relating to development and applications of geographic 
Information systems (CIS) were discussed In this forum* Participation came from 
a diverse audience whose experience with CIS ranged from systems development to 
first-time exposure* Most of the questions focused on what types of systems 
(levels of sophistication) to Invest In, and when It would be appropriate for a 
state agency or private company to do so* The forum began with Robert Mills 
explaining the develo^mient of a New Jersey statewide CIS and some of the ways 
that It has been utilized. This Introductory talk led to a number of questions 
and generated a discussion based on the following Issues, which were highlighted 
at the start of the forum: 

1 a low-cost CIS 

2 CIS data sources 

3 applications of CIS *8 

4 administration of CIS 

3 the future In GlS*s 

Some of the questions that were raised are listed below as a means of summarizing 
the discussion. 

- How does one decide on a minimum resolution level for mapping when dif- 
ferent data resolution levels are Involved; and how detailed and reliable 
should such data be? 

- What types and levels of data are needed and at what point (volume and 
scale) should one go with an automated CIS system? How mriny staff with 
what kinds of backgrounds are necessary to get a CIS system underway? 

- To what extent are CIS systems a qualitative, new tool? 

- Who sells CIS systems, and what CIS systems are available commercially? 

- Once Installed, will a CIS system make It possible to reduce staff? 

- How does one go about Integrating digital terrain data with Landsat MSS 
data? 
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- What ara tha Doaaibilltlaa of daclslon aaklng ualmt a CIS, for alta- 
specific avaluatlona ox pradictiona? 

Perhaps the salient conclusion of tha forun for those who are thinking of setting 
up a geographic information system was tha advice to start small and learn by 
making your o%m mistakes, but gear the solution (system) to fit your needs. 

Most of all, get your feet wet by starting at some point, because the state of 
the art is constantly changing. The key is to focus information where it is most 
needed. And lastly, whenever and as early as possible, get the applications 
people talking with the computer people to insure that system develooment meets 
the needs of the user. 
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SUMMARY OF 

JOINT FORUM OF USER DEVELOPMENT PROGRAMS AND SUBSTATE/ LOCAL 


Chairpersons; Scott Cox» ERRSAC/GSFC 

Nick Kappel, New England Innovation Group 

Philip Creasy, ERRSAC/GSFC 

Robert Ragan, University of Maryland 


The session combined two forum groups originally scheduled separately. The bulk 
of the forum's time was given to its three speakers' presentations and the dis- 
cussions which followed were abbreviated. The three presentations were; 
’’Chittenden County, Vermont Land Cover Project" by Dennis Malloy of the Vermont 
State Planning Office, Montpelier, VT; "The University of Vermont Remote Sensing 
Center" by Gary Smith of the University of Vermont, Burlington, VT; and "The 
Michigan Data Needs Questionnaire" by Richard Hill-Rowley of Michigan State Uni- 
versity, East Lansing, MI. 

The chair questioned whether new county use of landsat data would be stimulated 
by the example of other counties who are now users, and would the new budget 
constraints prevent this? The consensus was that the desire for data would be 
present, but that local governments were constrained by their own legislative 
and budget cycles, and it was hoped that universities would be able to give some 
help. 

Asked if any of the audience had been consulted regarding what bands to include 
on Landsat-D and whether or not to have an MSS aboard, one person replied that he 
had been a member of an advisory board which recommended having an MSS and a 
thermal band on the TM. Dr. Cressy stated that the inclusion of the MSS was a 
response to the user's request for continuous, reliable data of a type with which 
they were fanillar. 

The chair asked if local governments are sufficiently interested and willing to 
use remote sensing to justify continuation of the program by the federal govern- 
ment. Answers were mixed and reflected various local needs and problems with 
paying for the data/service. The chair noted the use of remote sensing is now 
well established in planning models for vater resources and suggested that 
research should be applied to such key uses. The audience noted the need for a 
replacement for ERRS AC, such as universities, if its program was discontinued. 

It was felt that the states could pay for these services if the local government 
couldn't. One member commented that his state would pay much more for an older, 
proven technology like aerial photography. Members commented on their different 
projects' time constraints and expressed concern about USGS's photo-mapping 
inability to fill their data gaps. 

The chair summarized the roles of all parties, stated that without ERRSAC 
there'd still be a need for federal participation. 
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Suggestions were mede concerning contacting Congress to show support for ERfSAC's 
program. Dr. Cressy finished by stressing the Importance of the development of 
partnerships among the state and local users in the event of lack of a federal 
program. 
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ERRSAC/NOAA Conference Attendees 
March 9-12, 1981 
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